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IMPORTANT SAFETY NOTICE 


Appropriate service methods and proper repair procedures are essential for the safe, reliable operation of all motor vehicles, 
as well as the personal safety of the individual doing the work. This manual provides general directions for accomplishing 
service and repair work with tested, effective techniques. Following them will help assure reliability. 


There are numerous variations in procedures, techniques, tools, and parts for servicing vehicles, as well as in the skill of the 
individual doingthe work. This manual cannot possibly anticipate all such variations and provide advice or cautions as to each. 
Accordingly, anyone who departs from the instructions provided in this manual must first establish that he compromises 
neither his personal safety nor the vehicle integrity by his choice of methods, tools or parts. 


As you read through the procedures, you will come across NOTES, CAUTIONS, AND WARNINGS. Each one is there for 
a specific purpose. NOTES give you added information that will help you to complete a particular procedure. CAUTIONS are 
given to prevent you from making an error that could damage the vehicle. WARNINGS remind you to be especially careful 
in those areas when carelessness can cause personal injury. The following list contains some general warnings that you 
should follow when you work on a vehicle. 


* Always wear safety glasses for eye protection. * To prevent serious burn, avoid contact with hot metal 
parts such as the radiator, exhaust manifold, tail pipe, 


catalytic converter and muffler. 
* Do not smoke while working on the vehicle. 


* Use safety stands whenever a procedure requires you to 


be under the vehicle. 
* Be sure that the ignition switch is always in the OFF 


position, unless otherwise required by the procedure. 


е Setthe parking brake when working on the vehicle. If you 
have an automatic transmission, set it in PARK unless 
instructed otherwise for a specific service operation. If 
you have a manual transmission, it should be in RE- 
VERSE (engine OFF) or NEUTRAL (engine ON) unless 
instructed otherwise for a specific service 
operation. 


* To avoid injury, always remove rings, watches, loose 
hanging jewelry, and loose clothing before beginning to 
work on a vehicle. Tie long hair securely behind the head. 


* Keep hands and other objects clear of the radiator fan 
blades. Electric cooling fans can start to operate at any 
time by an increase in underhood temperatures, even 
though the ignition is inthe OFF position. Therefore, care 
should be taken to ensure that the electric cooling fan is 


* Operate the engine only in a well-ventilated area to avoid completely disconnected when working under the hood. 


the danger of carbon monoxide. 


* Keep yourself and your clothing away from moving parts 
when the engine is running, especially the fan and belts. 


The recommendations and suggestions contained in this manual are made to assist the dealer in improving his dealership parts 
and/or service department operations. These recommendations and suggestions do not supersede or override the provisions of 
the Warranty and Policy Manual, and in any cases where there may be a conflict, the provisions of the Warranty and Policy Manual 
shall govern. 


The descriptions, testing procedures and specifications in this handbook were in effectatthe time the handbook was approved 
for printing. Ford Motor Company reserves the right to discontinue models at any time, or change specifications, design or 
testing procedures without notice and without incurring obligation. Any reference to brand names in this manual is intended 


merely as an example of the types of tools, lubricants, materials, etc. recommended for use. Equivalents if available may 
be used. The right is reserved to make changes at any time without notice. 


WARNING: Many brake linings contain asbestos fibers. When working on brake components, avoid breathing the dust. Breathing 
the asbestos dust can cause asbestosis and cancer. 


Breathing asbestos dust is harmful to your health. 


Dust and dirt present on car wheel brake and clutch assemblies may contain asbestos fibers that are hazardous to your health 
when made airborne by cleaning with compressed air or by dry brushing. 


Wheel brake assemblies and clutch facings should be cleaned using a vacuum cleaner recommended for use with asbestosis fibers. 
Dust and dirt should be disposed of in a manner that prevents dust exposure, such as sealed bags. The bag must be labeled and 
the trash hauler notified as to the contents of the bag. 


-If a vacuum bag suitable for asbestos is not available, cleaning should be done wet. If dust generation is still possible, technicians 
should wear government approved toxic dust purifying respirators. ~ 


OSHA requires areas where asbestos dust generation is possible to be isolated and posted with warning signs. Only technicians 
concerned with performing brake or clutch service should be present in the area. 
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SERVICE STANDARDS 


Mission Statement: 

All dealership personnel will treat every customer as a potential lifetime purchaser, 
communicating a professional image which embraces honesty and concern for 
customer wants and needs. 


Dealer-to-Customer Service Standards: 


1. Appointment available within one 4. Vehicles serviced right on the 
day of the customer's requested first visit. 
service day. 


. Service status provided within one 
. Write-up begins within four minutes minute of inquiry. 


5 
of arrival. 6 
7 


. Vehicle ready at agreed upon time. 


. Service needs courteously identified, 
accurately recorded on Repair . Thorough explanation of work done, 


Order, and verified with customer. coverages and charges. 


These seven service standards provide a process and product value that are 
compelling reasons for owners to purchase and repurchase Ford or Lincoln-Mercury 


products. These standards also help to attract new owners through favorable 
testimonials and improved owner satisfaction. 
Standard 4 
"Fix It Right the First Time, on Time." 
The technician is the most important player when it comes to Standard #4. 
Why 
Customers tell us "Fixing It Right the First Time, on Time" is one of the top reasons they 
would decide to return to a dealer to buy a vehicle and get their vehicles serviced. 
Technician Training 
It is our goal to help the technician acquire all of the skills and knowledge necessary to 
"Fix It Right the First Time, on Time.” We refer to this as "competency." 
Technician's Role 
To acquire the skills and knowledge for competency in your specialty via 

— ІМІ5 (self study) — New Model (self study and instructor led) 

— CTP (self study) — SIST (instructor led) 
The Benefits | 
The successful implementatien«of standards means 

— Satisfied customers — 

 — Reper ' vehicle sales 
— Ресес? service sales 
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FORD TECHNICAL TRAINING 
RECOGNITION PROGRAM 


Service Technician рес Training Courses 


SERVICE SPECIALTY 
LEVELS 


Level 1-Ford Technician 
1 Year 


Level 2-Ford Specialist 
2 Years 


Engine Performance (31) 


„е Engine Repair (39) 


_* Susp. & Steering (33) 


„е Elec. Systems (34) 


* Climate Control (35) 


` ° Manual Trans. & Drivetrain (36) 
* Auto. Trans. (37) 
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БИНЕ 
ШИНЛИ 
ШШЕ 
IINE 
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* Brakes (38) 


Level 3-Ford Master Tech 
5 Years 


* Engine 


* Transmission 


* Chassis 
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* Electronics 
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[s] THIS COURSE REQUIRES SELF-STUDY MATERIAL(S) TO BE COMPLETED PRIOR TO ATTENDING THE COURSE. 
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INTRODUCTION 


^" MASTER TECHNICIAN PROGRAM PLANNED TRAINING PATHWAY 
The goals of the program are to: Ford Motor Company has identified the skills and 
ш Increase awareness of available Ford training knowledge necessary to meet the curriculum 


goals. The Planned Training Pathway is a 
sequence of courses that are designed to provide 
recognition programs. 


ш Stress the importance of continuous training. 
ш Recognize technician achievements. 


programs and resources. 


The chart at left shows the specialty levels and 
courses in the Master Technician Program. 


ENGINE PERFORMANCE 
CURRICULUM GOALS 


B Provide necessary training to enable 
technicians to "fix it right the first time." 


ш Increase technician proficiency. 

ш Increase customer satisfaction. 

ш Promote QC-P improvements. 

ш Lower customer complaint volume. 
ш Lower repeat repairs. 
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Automotive Electrical 


Systems STST/VLS ` 


Essentials of 
Diagnosis. 


Automotive Electronics 
IVES/STST 
Ignition System Theory 
and Operation CTP 
Ignition System Diagnosis 
and Analysis IVLS 


Exhaust & Emission 
System Diagnosis and 
Analysis IVLS 


Ign., Exh., & Emission 
System Diagnosis and 
Testing STST 


Fuel & Air Inlet Systems 
Theory and Operation 
СТР. 


Fuel & Air Inlet 
Diagnosis and Analysis 
МЕЗ 


Fuel 8 Air Inlet 
Diagnosis and Testing 
STST 


| Advanced Driveability 
Diagnosis and Analysis 
IVLS 


Advanced Driveability 
Diagnosis and Testing 
STST 
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ENGINE PERFORMANCE CURRICULUM 


Description 


The engine performance curriculum consists of thirteen courses. The 
Comprehensive Training Program (CTP) and Interactive Video 
Learning System (IVLS) are self-paced and self-study training 
programs. The Service Technician Specialty Training (STST) courses 
are hands-on programs that are facilitated by an instructor. The 
information in the CTP and IVLS courses are designed to prepare 
you to successfully complete the STST courses. You are currently in 
the sixth, Exhaust and Emissions System Theory and Operations. 


How To Complete the Curriculum 


To successfully complete the Engine Performance Curriculum, you 
must: 


ш Start at the correct place in the curriculum. 
ш Be fully prepared for each course. 
ш Be willing to learn. 


Start in the Correct Place 


An assessment tool has been developed for technicians entering the 
Engine Performance Curriculum. This assessment is designed to 
match your experience and skill with the right course. For example, if 
you have previous electrical or engine performance related training 
and work experience, you may be able to skip the first four courses in 
the curriculum. If you are just entering the Engine Performance 
Specialty, you should start at the beginning of the curriculum. See 
your Service Manager for more details. 


Prepare for Each Course 


We recommend that you schedule your training so that when you 
attend an STST course, the knowledge that you need to know will be 
fresh in your mind. Each CTP and IVLS course leads up to an STST 
course. If possible, you should try to complete these CTP and IVLS 
courses within one month prior to attending the STST course. 
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INTRODUCTION 


m. Want to Learn 


The amount of effort you put into your training will 
directly affect your success. The Engine 
Performance Curriculum has several CTP and 
IVLS courses. Because all of the CTP and IVLS 
courses are self-paced and self-study programs, 
you have greater control over how much you 
learn, how fast you learn and how well you learn 
it. But it also means that you are responsible for 
learning the material in these courses. You owe it 
to yourself to put forth a reasonable effort by: 


ш Setting aside some serious study time. 


B Following course directions and 
recommendations. 


ш Scheduling appropriate STST courses. 


ш Completing all requirements prior to attending 
the STST courses. 


ш Reviewing materials to make sure that all 
technical knowledge in your mind is "fresh." 


ш Attending and participating in all STST course 
tapas activities. 
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EXHAUST AND EMISSION SYSTEM THEORY AND 
OPERATION = 


Course Description 


This course covers evaporative, crankcase, and tailpipe emissions, 
and driveability concerns that are related to these areas. These 
instructions are designed for vehicles produced by Ford's North 
American Automotive Operations (NAAO) or built in association with 
other manufacturers around the world. 


Diagnostic Procedure 


The shaded steps of the Diagnostic Procedure represent the area of 
instruction provided by this course. These steps, one through five, 
deal with identifying the system, identifying conditions that cause 
symptoms, identifying related symptoms, identifying systems, and 
performing diagnostic tests. At the beginning of each lesson, look at 
the highlighted steps to identify where the instructions in the lesson fit 
into the diagnostic procedure. 


Course Goal 


Using the information provided in this course, you will identify the 
relationships between driveability symptoms and the exhaust and 
emissions systems with a goal of 100 percent. 


Progress Check and Post Test Guestions 


Each lesson of this course has Progress Checks. These are designed 
to give you quick "feedback" on how well you understand the 
material. If you miss any Progress Check questions, you should 
review the material in the lesson. 


Post Test questions can be found at the end of this course. The Post 
Test is designed to let you know if youare ready for the next course. 
Most CTP courses are followed by an IVLS course. If you have 
difficulty in the IVLS courses, you will be directed to review the 
appropriate CTP courses. Therefore, please study all CTP courses 
carefully. 


For those of you who may wish to become Automotive Service 
Excellence (ASE) certified, we have included some questions in the 
ASE format. This will help you prepare for ASE tests. 
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Lesson 7 Vehicle Emissions 


Lesson @ 
Lesson З 7 
Lesson 4 : 
Lesson B | 
Lesson б 


Lesson 7 


VEHICLE EMISSIONS 
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Related | 


6. Interpret 
Test Results 


7. Isolate 
Root Cause 


8. Repair 
the Problem 


9. Verify the 
Repair 


NOTE: Each lesson in this course will contain information that relates 
to certain steps of the diagnostic procedure. These steps will be 
highlighted so that you will be able to see how the lesson applies to 
diagnosis. So, at the beginning of each lesson, all you have to do is 
look at the highlighted steps and you will know where the instruction 
in the lesson fits into the diagnostic procedure. 


LESSON 1: VEHICLE EMISSIONS 


Where does the lesson fit into the diagnostic procedure? This lesson 
covers the conditions in the combustion chamber that create 
emissions. You need to know this information in order to effectively 
perform the second step of the Diagnostic Procedure, "Identify the 
Conditions." 


Objective: 


The objective for this lesson is to identify and describe emissions and 
their causes. 
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VEHICLE EMISSIONS 


^" THE AIR/FUEL MIXTURE 


Figure 1-1 — The air/fuel mixture 


In order to diagnose problems with the exhaust 
and emissions systems, you need to know what 
goes into the combustion chamber. 


1% MISC. GASES INCL. 
CARBON DIOXIDE AND 
WATER VAPOR 


Figure 1-2 — Chemical breakdown of air 


Engines burn an ideal mixture of 14.7 parts air 
to 1 part fuel by mass. Air is a mixture of 78 
percent nitrogen (N), 21 percent oxygen (O) and 
trace amounts of other gases. Fuel is called a 
hydrocarbon because it is made of hydrogen (H) 
and carbon (C) atoms. 


VEHICLE ÉMISSIONS 


AIR/FUEL MIXTURE (BURNING) 


Figure 1-3 — Releasing heat energy 


The air and fuel are mixed, compressed, ignited 
and burned. As the mixture burns, the resulting 
chemical change releases energy in the form of 
heat. It is this heat energy that expands the gases 
in the combustion chamber, drives the piston 
down and turns the crankshaft. 


In the heat and pressure of the combustion 
chamber, the molecules in the air and fuel 
recombine into different substances. Ideally, the 
results of burning hydrocarbons (HC) and air 

(М and O) are carbon dioxide (СО), water (H20) 
and nitrogen (N). - 


Unfortunately, the results are usually different. 
There are many conditions that either prevent the 
air/fuel mixture from burning completely or cause 
it to burn too hot. As a result, the exhaust 
contains hydrocarbons (HC), carbon monoxide 
(CO) and oxides of nitrogen (NO,, pronounced 
Nox). These substances must be controlled 
because they cause undesirable chemical 
reactions in the atmosphere which are harmful to 
the environment. 


VEHICLE EMISSIONS 


HYDROCARBONS 


Gasoline is composed of any of several 
combinations of hydrogen (H) and carbon (C). It 
is a petroleum product refined from crude oil. 
Hydrocarbons (HC) enter the atmosphere when 
air and fuel is not completely burned and when 
fuel evaporates. 


Figure 1-4 — HC, dust and water vapor form a visible 
haze 


Molecules of HC are called "particles" because of 
their size (CgH47 is one example). Particles of 
this size cause dust and water vapor to gather 
into clusters that form a visible haze. 


CARBON MONOXIDE 


Carbon monoxide (CO) is another product of 
combustion. Richer air/fuel mixtures tend to 
produce more CO because the mixture does not 
burn completely. If the mixture can be kept to the 
ideal ratio of 14.7 to 1 or leaner, CO production is 
reduced. However, even when running an engine 
with leán mixtures of 16 or 17 to 1, some CO can 
still be produced because the mixture ratio can 
vary from cylinder to cylinder. 


OXIDES OF NITROGEN 


COMBUSTION 
CHAMBER 


Figure 1-5 — Formation of NO, 


NO, forms in the combustion chamber when 
temperatures exceed 1372°C (2500?F). Some 
forms of NO, are unstable and decompose in the 
atmosphere to nitrogen dioxide (NOs, a dark 
substance that can form a brown cloud over 
urban areas) and oxygen (Оз). 


Other NO, compounds are highly reactive with 
other elements in the atmosphere. 


ш Nitrous oxide (N20), also called "laughing gas,” 
is always present in the air in small quantities. 


B Nitrogen trioxide (N2O3) is a colorless, 
odorless gas, but it forms nitrous acid (HNO3) 
when in the presence of water. 


ш Nitrogen pentoxide (N2Os) is also a colorless 
gas that forms HNOs when combined with 
water. 
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SMOG 
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Figure 1-6 — Haze reacting with sunlight to form smog 


Smog is a highly corrosive form of air pollution. It 
can be seen as a smoky fog, which is where the 
term comes from. Smog is known for the damage 
that it causes: 


B Cracking of rubber products such as tires 
ш Eye and throat irritation 

m Odor 

m Plant damage 

ш Decreased visibility 


Smog is the result of a complex series of 
chemical reactions that occur in the atmosphere. 
Various NO, and HC compounds emitted by 
vehicles contribute to 8 of the 13 chemical 
reactions that form smog. 


When these compounds mix in darkness, 
chemical reactions leading toward smog take 
place slowly. Laboratory tests on air with high 
concentrations of pollutants take 1600 hours to 
form smog. In the presence of sunlight, however, 
these same reactions take place in only 90 
minutes. 


RELATIONSHIP OF EMISSIONS AND 
DRIVEABILITY 


Both driveability and emissions depend heavily 
on the air/fuel mixture ratio. Ideally, the ratio 
should stay 14.7 to 1. The PCM can alter the ratio 
when conditions require a richer or leaner 
mixture. The PCM makes the decision to alter the 
mixture based on information from sensors. 
These sensors report engine load, vehicle speed, 
air temperature and other operating conditions to 
the PCM. 


Because accurate sensor information is 
necessary for the engine to function properly, 
timely maintenance is very important. All of the 
solenoids, valves and actuators that carry out the 
PCM's commands must also operate within 
specifications. The On-Board Diagnostics (OBD) 
system performs self-tests on many of the 
sensors and actuators while the vehicle is 
operating. When a fault is found, the Malfunction 
Indicator Lamp (MIL) is lit to inform the operator 
that the vehicle needs service. 


NOTE: The federal government has made it a 
felony, punishable by fines of up to $10,000.00 
per vehicle, to modify the emission control 
systems on any vehicle in the U.S. If a 
driveability problem is traced to one of the 
emission control systems, it is illegal to 
disconnect, remove or modify that system 
except during diagnosis and repair procedures. 


This is the end of Lesson 1. Now view Lesson 1 on the video tape, and answer the Progress Check 


questions. 
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^" LESSON 1 - PROGRESS CHECK GUESTIONS 


The following questions are based on information contained in lesson 1. Choose the ONE best correct 
answer. The answers are provided on the following page. Review the portion of the lesson pertaining to 
any questions missed before proceeding to the next lesson. 


1. Technician A says that it is illegal in the U.S. to modify the emission control system on a vehicle. 
Technician B says that it is legal as long as the vehicle still passes the state emissions test. Who is 
correct? 


A. Technician A 
B. Technician B 
C. Both A and B 
D. Neither A nor B 


2. Under ideal conditions, the results of combustion would be: 
A. СО» НО and М. 
B. HC, CO and МО). 
С. HgC47, H20 and dust. 
D. Smog. 


3. Technician A says that the air/fuel mixture must never change from 14.7 to 1 or emissions and 
performance will suffer. Technician B says the air/fuel mixture ratio will change under certain 
operating conditions and the emission control system compensates for the change. Who is correct? 


A. Technician A 
B. Technician B 
C. Both A and B 
D. Neither A nor B 
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LESSON 1 - PROGRESS CHECK ANSWERS 


1. Technician A says that it is illegal in the U.S. to modify the emission control system on a vehicle. 
Technician B says that it is legal as long as the vehicle still passes the state emissions test. Who is 
correct? 


(A) Technician A 
B. Technician B 
C. BothAandB 
D. Neither A nor B 


Technician A is correct. The federal government has made it a felony offense, punishable by fines 
of $10,000.00 per vehicle, to modify the emission control systems on any vehicle in the U.S. 


2. Under ideal conditions, the results of combustion would be: 
CO», НО and N. 
B. HC, CO and МО). 
С. HgC47, H20 and dust. 
D. Smog. 


If conditions were ideal, the result of combustion would be CO», H20 and М. 


3. Technician A says that the air/fuel mixture must never change from 14.7 to 1 or emissions and 
performance will suffer. Technician B says the air/fuel mixture ratio will change under certain 
operating conditions and the emission control system compensates for the change. Who is correct? 


A. Technician A 
(в) Тесһпісіап В 
C. Both A and B 
D. Neither A nor B 


Technician B is correct. The air/fuel ratio varies under conditions such as cruise, acceleration and 
warm-up. 
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LESSON 1 - PROGRESS CHECK GUESTIONS (CONTD.) 


4. Smog is harmful to the environment because it causes: 


eye and throat irritation. 


. odor. 


plant damage. 


. All of the above. 


5. Technician A says that some kinds of NO, are unstable and decompose in the atmosphere. 
Technician B says that some kinds of NO, form МО», which can be seen as a brown cloud over 
urban areas. Who is correct? 


A. 
B 
C. 
D 
A. 
B 
C. 
D 
ет 


Тесһпісіап А 


. Technician В 


Both A and B 


. Neither A nor B 
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LESSON 1 - PROGRESS CHECK ANSWERS (СОМТО.) 


4. Smog is harmful to the environment because it causes: 
A. eye and throat irritation. 
B. odor. 
C. plant damage. 
(0) А! of the above. 


Smog is a highly corrosive form of air pollution that causes all of the symptoms listed above, plus it 
will crack rubber products, such as tires, and decrease visibility. 


5. 


Technician A says that some kinds of NO, are unstable and decomposes in the atmosphere. 
Technician B says that only some kinds of NO, form NO», which сап be seen as a brown cloud over 
urban areas. Who is correct? 


A. Technician A 

B. Technician B 
(C) Both A and B 

D. Neither A nor B 


Both A and B are correct. Some kinds of МО, are unstable апа decompose in the atmosphere. 
However, when they do, they form МО» which is a dark brown substance that can be seen in the air. 
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LESSON 2: THE POSITIVE CRANKCASE 
VENTILATION SYSTEM = 


The diagnostic procedure 
Where does the lesson fit into the Diagnostic Procedure? 


This lesson pertains to steps one, four and five of the Diagnostic 
Procedure. It describes the purpose and operation of the Positive 
Crankcase Ventilation (PCV) system. The information in this lesson is 
necessary in order to identify the conditions that may be caused by 
malfunctions in the PCV system and the related symptoms that may 
result. 
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Objectives: 
B The technician will identify and describe the operation of the PCV 
system and its components. 


B The technician will identify the driveability symptoms commonly 
associated with the PCV system. 


ш The technician will identify and describe PCV system diagnostic 
procedures. 


7. Isolate 
Root Cause | 


посопоозто 


the >roblem pm 


9. Verify the 
Repair | 
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^" PURPOSE AND FUNCTION 


The purpose of the PCV system is to remove 
harmful gases and vapors from the engine 
crankcase before they can enter the atmosphere. 
In addition, the PCV system equalizes crankcase 
pressures before they can harm the engine. In 
general, the PCV system: 


m Maximizes oil cleanliness by venting moisture 
and corrosion from the crankcase. 


ш Protects against ignition of crankcase vapors. 


ш Automatically regulates the rate of crankcase 
vapor airflow to the engine air intake as 
required by engine operating conditions. 


BLOW-BY 
GASES 


CRANKCASE 


Figure 2-1 — Blow-by gases enter the crankcase 


During some engine operations, air, fuel and 
exhaust gases blow by the piston rings and 
collect in the crankcase. If not removed, the build- 
up of vapors in the crankcase can create enough 
pressure to damage engine seals and gaskets. 
The vapors could also contaminate the oil and 
cause it to deteriorate. The PCV system mixes 
these vapors with fresh air and sends them to the 
intake manifold. 


POSITIVE CRANKCASE VENTILATION 


EVAPORATIVE 
EMISSION 
PURGE LINE 
(SOME APPLICATIONS) 


CS 
TLET THROTTLE 
sai BODY 


PCV 
HOSE 


CLOSURE 
HOSE 


ENGINE CRANKCASE 


Figure 2-2 — Typical PCV system 


The РСУ system cycles crankcase vapors back 
through the engine where they are burned. The 
PCV valve regulates the amount of air and blow- 
by gas entering the intake manifold or throttle 
body and prevents backfire from traveling into the 
crankcase. Fresh air enters the crankcase from 
the remote air cleaner or air outlet tube through a 
closure hose. On some vehicles, the evaporative 
emission purge line tees into the PCV hose. 


E 


DESCRIPTION OF COMPONENT 
wtw 
PCV Valve 
lle 
CYLINDER |_ |8 
HEAD Е |< 
COVER < |9 
T а 
"ME 
Е |5 
m 
THROTTLE BODY 
Figure 2-4 — PCV valve 
The РСУ valve controls the rate at which 
crankcase gases mix with the intake air flow. 
Inside the valve is a double ended plunger and a 
Figure 2-3 — Typical system without a PCV valve spring. As crankcase pressures and intake 
manifold vacuum change in relation to each d 
Some systems do not use a PCV valve. Instead, other, this plunger moves back and forth to either 
crankcase gases flow through an oil separator to restrict or free the flow of gases. 
ports in the throttle body. Fresh air for the PCV 
system is supplied from another port on the 
throttle body. 
x 
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POSITIVE CRANKCASE VENTILATION | 


SYSTEM OPERATION 


Normal Operation 


HIGH 
VACUUM 


RESTRICTED 
AIR FLOW 


HIGH 
CRANKCASE 
PRESSURE 


Figure 2-5 — PCV valve during normal operation 


During cruise and light acceleration, intake 
manifold vacuum and crankcase pressures are 
relatively high. The flow rate through the PCV 
valve is low because vacuum draws the plunger 
into the narrow end of the valve, restricting the 
flow of gases. 


REMOVE AIR 
CLEANER OR 
AIR OUTLET 


THROTTLE 
TUBE BODY 


INT.MAN 


CLOSURE 
HOSE 


Figure 2-6 — Crankcase scavenging 


Fresh air from a remote air cleaner or air outlet 
tube flows into the crankcase through the closure 
hose to.mix with the blow-by gases. This fresh air 
assists in removing all of the blow-by gases from 
the crankcase. This removal process is called 
crankcase scavenging. Crankcase pressure is 
maintained by the flow balance between the 
closure hose and the PCV valve. 


POSITIVE CRANKCASE VENTILATION 


Heavy Load Conditions 


PLUNGER 


HIG 
PRESSURE 
Figure 2-7 — PCV valve during heavy load conditions 


During conditions of heavy load (hard 
acceleration or high speed), low manifold vacuum 
allows the spring to overcome high manifold 
pressure and push the plunger out of the narrow 
end of the valve. The valve does not obstruct the 
flow as before, so the flow rate increases. 


Induction Backfire 


HIGH 
PRESSURE 


COMPLETE 
SEAL OF 
AIR FLOW 


Figure 2-8 — PCV valve during induction backfire 


If the engine backfires through the intake valve. 
high intake manifold pressure causes the PCV- 
valve to seal the crankcase. Otherwise, the 
resulting high pressure in the crankcase could 
damage engine seals and gaskets. 
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SYSTEM DIAGNOSIS 


When step one of the diagnosis procedure has 
been completed, the symptom has been verified. 
Now you must narrow the search to the 
responsible system. Refer to the symptoms chart 
in the Powertrain Control/Emissions Diagnosis 
(PCED) manual. The following are some of the 
symptoms caused by faults in the PCV system. 


ш Hard starting or long cranking time 
ш Engine stalls 

B Engine runs rough 

ш Poor fuel economy 

ш Excessive oil consumption 

m Exhaust smoke (blue) 


The chart will guide you to the diagnostic 
routine(s) which help identify the conditions that 
cause the symptom (step two of the diagnostic 
procedure). In addition, the diagnostic routines in 
the PCED manual will lead you through the steps 
of the diagnostic procedure. When the diagnostic 
routines isolate the PCV system (step four of the 
diagnostic procedure), you will be directed to test 
PCV system components and system operation. 


SYSTEM TESTING 


Performing diagnostic tests is step five of the 
Diagnostic Procedure. The following are some 
general tests that are performed on the PCV 
system and its components. 


Visual Inspection 


The individual components of the PCV system 
should be visually inspected for cracks, misrouted 
or disconnected hoses or other damage. 


РСУ valve test 


Remove the РСУ valve from the vehicle and 
shake it. This is done to verify that the plunger in 
the valve is able to move freely. You should be 
able to hear the plunger rattle. 


System air flow test 


Place a stiff piece of paper over the end of the 
closure hose. After a minute with the engine 
running, vacuum should hold the paper in place. 
This test is done to ensure that the air flow 
through the system is adequate. 


Refer to the PCV section of the PCED for specific 
instructions and the specifications needed to be 
able to interpret these tests (step six of the 
Diagnostic Procedure). 


This is the end of Lesson 2. Now view Lesson 2 on the video tape, and answer the Progress Check 


questions. 
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LESSON 2 - PROGRESS CHECK QUESTIONS 


The following questions are based on information contained in lesson 2. Choose the ONE best correct 
answer. The answers are provided on the following page. Review the portion of the lesson pertaining to 
any questions missed before proceeding to the next lesson. 


1. Technician A says that the PCV system removes blow-by gases from the crankcase before they 
can dilute the oil. Technician B says that the PCV system equalizes pressure in the crankcase 
before it can damage engine seals and gaskets. Who is correct? 


A. Technician A 
B. Technician B 
C. Both A and B 
D. Neither A nor B 


2. Fresh air is supplied to the crankcase to: 
A. mix with the oil so fresh oxygen flows all through the engine. 
B. mix with crankcase vapors to aid in crankcase scavenging. 
C. prevent the deterioration of oil, gaskets and seals. 
D. Both B and C are correct. 


3. In case of an induction backfire, the PCV valve: 
A. vents pressure to atmosphere before it harms the engine. 
B. reroutes the crankcase vapors to a safer part of the engine. 
C. signals the PCM that a backfire has occurred. 
D. prevents the excess pressure from entering the crankcase. 
4. Technician A says because intake manifold vacuum and crankcase pressures are relatively high 
during cruise and light acceleration, PCV flow rate should also be high. Technician B says that 


during normal operation intake manifold and crankcase pressures are relatively low, therefore PCV 
flow rate will be low also. Who is correct? 


A. Technician A 
B. Technician B 
C. Both A and B 
D. Neither A nor B 
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LESSON о - PROGRESS CHECK ANSWERS 


1. Technician A says that the PCV system removes blow-by gases from the crankcase before they 
can dilute the oil. Technician B says that the PCV system equalizes pressure in the crankcase 
before it can damage engine seals and gaskets. Who is correct? 


A. Technician A 
B. Technician B 
(с) Both A and B 
D. Neither A nor B 
Both A and B are correct. The PCV system removes blow-by gases before they can dilute the oil 
and equalizes crankcase pressure. 
2. Fresh air is supplied to the crankcase for: 
A. mixing with the oil so fresh oxygen flows all through the engine. 
B. mixing with crankcase vapors to aid in crankcase scavenging. 
C. prevent the deterioration of oil, gaskets and seals. 
(D) Both B and C are correct. 
Fresh air is mixed with crankcase vapors before they are removed for combustion by the PCV 
system. This is done to help scavenge vapors from the crankcase and to help equalize pressure. 
Both B and C are correct. 
3. In case of an induction backfire, the PCV valve: 
A. vents pressure to atmosphere before it harms the engine. 
B. reroutes the crankcase vapors to a safer part of the engine. 
C. signals the PCM that a backfire has occurred. 
prevents the excess pressure from entering the crankcase. 


The plunger in the PCV valve seals the crankcase to prevent excess pressure from entering. D is: 
correct. 


4. Technician A says because intake manifold vacuum and crankcase pressures are relatively high 
during cruise and light acceleration, therefore PCV flow rate should also be high. Technician B says 
that during normal operation intake manifold and crankcase pressures are relatively low, therefore 
РСУ flow rate will be low also. Who is correct? 


A. Technician A 

B. Technician B 

C. Both A and B 
(D) Neither A nor B 


^ Neither technician is correct. During cruise and light acceleration, intake manifold and crankcase 
pressure is relatively high, but PCV flow rate is low because vacuum draws the plunger into the 
narrow end of the valve, blocking the flow of gases. 


- 
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LESSON 3: THE EVAPORATIVE EMISSION SYSTEM 


Where does the lesson fit into the diagnostic procedure? 


The information in this lesson is necessary in order to identify the 
symptoms of the Evaporative Emission (EVAP) system, identify the 
conditions that cause the symptoms and identify related symptoms of 
the EVAP system. This information addresses steps one, four and 
five of the diagnostic procedure. 


Objectives: 
ш The technician will identify and describe the operation of the EVAP 
system and its components. 
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ш The technician will identify the driveability symptoms commonly 
associated with the EVAP system. 


B The technician will identify and describe EVAP system diagnostic 
procedures and test equipment. 


посопоозо 


8.R epair 
the Problem — 


9. Verify the | 
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PURPOSE AND FUNCTION 


Hydrocarbons (HC), in the form of gasoline, 
evaporate when exposed to air, even when they 
are stored in the fuel tank. Evaporation occurs 
whether the vehicle is running or parked. 


The EVAP system is designed to control the 
vapors that are released by gasoline evaporation. 
The EVAP system captures and controls fuel tank 
vapors for two reasons: 


ш HC must not be allowed to escape to the 
atmosphere. (See Lesson 1.) 


B Fuel vapors are highly flammable. 


EVAP systems prevent fuel vapors from escaping 
to the atmosphere by trapping and storing them 
until they can be burned in the engine. The fuel 
vapors are purged by engine vacuum when the 
engine is running. 
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TYPICAL NAAO COMPONENTS 


cad ^ aud 


Е | ROLLOVER/VENT | 
VALVE | 


VAROR CONTROL -- 


у 
Ё: (FLEX FUEL ONLY) 
CANISTER TO TANK 


TYPICAL ASSOCIATION COMPONENTS 


COMMON COMPONENTS 


FUEL FILLER 
CAP 


Figure 3-1 — Location of EVAP system components 


The following are the components of a typical 
EVAP system. 


B Fuel Filler Cap 

ш Fuel Tank and Filler Neck 
ш Rollover/vent Valve 

ш Vapor Separator 


Qo Two-way Check Valve 

п Restrictor 

ш Vapor Control Valve 

ш Carbon Canister 

ш Canister Purge Solenoid Valve 
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Fuel Filler Cap 


Figure 3-2 — Typical fuel filler cap 


Some vehicles have a filler cap with a pressure/ 
vacuum relief valve. As the volume of fuel 
decreases, air can enter the tank to prevent 
negative pressure (vacuum) from forming. If 
pressure in the tank exceeds design limits, the 
filler cap will release excess vapor pressure. The 
fuel cap will not allow liquid fuel to escape in a 
rollover accident. 


Fuel Tank and Filler Neck 


Figure 3-3 — Typical fuel tank and filler neck 


The fuel tank and filler neck are designed to limit 
how much fuel can be put into the tank. The 
design provides an air space of 10 to 12 percent 
of the volume of the tank. This allows room for 
expansion of liquid fuel. The air space is at the 
top of the tank where fuel vapors can gather. 
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Rollover/vent Valve 


ORIFICE 


TO VAPOR 
STORAGE 


Figure 3-4 — Typical rollover/vent valve 


A valve is mounted to the top of the fuel tank. 
Vapors pass through the valve and travel to the 
canister for storage. The valve has a float ball 
which prevents liquid fuel from passing through it. 
The float ball also prevents liquid fuel from 
escaping in the event of a rollover accident. 
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Vapor Separator 


VAPOR 
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Figure 3-5 — Typical vapor separator 


Some vehicles use a vapor separator. It is 
installed between the fuel tank and the vapor 
lines to the carbon canister. The vapor separator 
prevents liquid fuel from entering the carbon 
canister. Fuel vapors are allowed to vent to the 
carbon canister, but liquid fuel is directed back to 
the fuel tank. 
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Two Way Check Valve 


Figure 3-6 — Typical two-way check valves 


The two-way check valve used on some 
association vehicles controls pressure between 
the fuel tank and the carbon canister. This check 
valve protects the fuel tank from deformation. The 
valve allows air to pass in or out of the tank to 
equalize pressure. 


Restrictor 


The restrictor limits the amount of fuel vapors that 
enter the carbon canister on association vehicles. 
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Vapor Control Valve 


TO CARBON 
CANISTER ASSEMBLY 


VAPOR CONTROL VALVE 


Figure 3-7 — Typical VCV 


When the fuel filler cap is removed, the Vapor 
Control Valve (VCV) senses the change in 
pressure of the fuel tank through a filler pipe 
sensing tube. The vapor control valve closes the 
flow path from the vapor rollover valves to the 
carbon canister during refueling to prevent liquid 
fuel from entering the carbon canister. 


Carbon Canister 


VAPOR/PURGE 
LINE 


FOAM FILTER 
AND RETAINING 
SCREEN 


( 
ASSEMBLIES) 


SONICALLY 
WELDED 
COVER 


Figure 3-8 — Typical carbon canister 
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The canister contains carbon material which 
stores fuel vapor until it is purged. The carbon 
releases the fuel vapor when fresh air passes 
through the canister. Fresh air enters the canister 
through a vent. The vent is designed to prevent 
dust and water from entering the canister. Fresh 
air enters the vent when engine vacuum is 
applied to the purge port of the canister. Some 
vehicles use more than one carbon canister. 


If the carbon canister is contaminated with liquid 
fuel, it will no longer be able to store vapors and 
must be replaced. 


Canister Purge Solenoid Valve 


CANP 
SOLENOID 


TO CARBON 
CANISTER 


` TO VACUUM 
SOURCE 


Figure 3-9 — Typical CANP 


A Canister Purge (CANP) solenoid valve may be 
used to prevent engine vacuum from purging the 
canister during some conditions, such as cold 
engine, idle and Wide Open Throttle (WOT). If 
engine vacuum purges the canister under these 
conditions, an excessively lean or rich air/fuel 
mixture can result. 


Driveability symptoms may occur when an 
excessively lean or rich air fuel mixture is burned. 
The PCM pulses the CANP solenoid at an 
increasing duty-cycle until it is fully on to prevent 
canister vapors from driving the feedback fuel 
control system beyond its limits. 
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EVAPORATIVE EMISSION SYSTEMS 


DESCRIPTION OF SYSTEM AND 
OPERATION 

Ford vehicles use three EVAP systems: 

ш The ЕЕС EVAP system. 

B The flexible fuel EVAP system. 


ш The combined purge port and EEC EVAP 
system. 


The purpose of each system is to control the 
escape of fuel vapors to the atmosphere. They 
differ from each other in the method by which 
they purge the carbon canister. 


Engine Off 


AIR SPACE 


FILLER | | — к | VAPOR HOSE 


ENGINE OFF: 
VAPOR STORAGE 


Figure 3-10 — Typical EVAP system during engine off operation 


When the engine is off, fuel continues to 
evaporate in the fuel tank. As pressure builds in 
the tank, the vapors are vented through the 
rollover/vent valve. 


The vapors leave the valve assembly, pass 
through a vapor separator, restrictor or two-way 
check valve and continue to the carbon canister. 
There they are stored until they are purged to the 
engine for burning. 


Some systems connect the purge lines with the 
PCV hose and both systems send their 
"respective vapors into the intake manifold 
through the same port. 
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EEC EVAP Systems 


ғ 


FUEL TANK 
VAPOR HOSE 


CANP 
SOLENOID 


CARBON 
m. CANISTER 


Figure 3-11 — Typical EEC EVAP system 


During cruise at operating temperature the PCM 
signals the Canister Purge (CANP) valve (some 
vehicles use two CANP valves) to open and allow 
manifold vacuum to purge the carbon canister. 


The number of carbon canisters can vary from 
vehicle to vehicle, depending on the number of 
fuel tanks and volume of fuel. The Flexible Fuel 
(FF) system, for example, uses four carbon 
canisters. 
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Combined Purge Port EEC EVAP 
System 


FUEL VAPOR 
RETURN LINE 
(PORT PURGE 

SYSTEM) 


ГА : Lo FUEL TANK 
FUEL VAPOR NAS 23 VAPOR HOSE 
RETURN LINE К му < 
(EEC-IV PURGE 

SYSTEM) 


CARBON 
CANISTER 


Figure 3-12 — Typical combined purge port EEC EVAP system 


With the combined purge port EEC EVAP system, 
two purge tubes tee off from the carbon canister. 
With the EEC controlled portion, the flow of fuel 
vapors from the carbon canister to the engine is 
managed by the PCM which controls the CANP 
solenoid valve. Purging occurs when the vehicle 
is in cruise mode and the engine is at normal 
operating temperature. On the purge port system 
side, fuel vapors flow from the carbon canister to 
a throttle body port during cruise mode without a 
purge solenoid. 
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The Flexible Fuel System 


FUEL TANK 

VAPOR AND 

ROLLOVER 
VALVE ASSEMBLY 


CARBON 
CANISTER 
ASSEMBLY 


Figure 3-13 — Flexible fuel system 


The Flexible Fuel System is designed to operate 
with gasoline mixtures of up to 85 percent 
methanol. When warm, methanol evaporates 
quickly and requires a large vapor storage 
capacity. The fuel tank is vented to four carbon 
canisters through a pair of rollover/vent valves. 
The canisters are located near the fuel tank. The 
Vapor Control Valve (VCV) prevents vapor flow 
through the EVAP system during refueling. 
Purging is controlled by the PCM and performed 
by the Vapor Management Valve (VMV). 


EVAPORATIVE EMISSION SYSTEMS 


FUEL AND 
VAPOR LINES 


VAPOR MANAGEMENT 
VALVE (VMV) 


POWERTRAIN 
CONTROL MODULE 
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SYSTEM DIAGNOSIS 


М 
Тһе EVAP system is а potential cause of the АРОН 
following symptoms: SEPARATOR 
ш Gasoline odor 
ш Rolling idle 
B Hesitation 
ш Lack of power 
Gasoline Odor 
If the customer notices a gasoline odor, 
especially on warm days or after filling the tank, 
check the following components: —— — 
VALVE 
TO CARBON 
CANISTER 
FROM FUEL 
TANK 
Figure 3-15 — Typical vapor separator \ / 
(PRESSURE) ш Vapor separator; check for leaking seams or 
tubes. 
ш Vapor lines; metal tubes, plastic and rubber 

hoses. Look for small cracks, loose 
Figure 3-14 — Typical fuel filler cap connections and collision damage. 
ш Fuel filler cap: check for a broken seal or loose 

fit. 
ш Fuel system tubes: for damage. Look for kinks 
or evidence of damage from stones or ice. 
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EVAPORATIVE EMISSION SYSTEMS 


Figure 3-16 — Typical carbon canister 


ш Carbon canister: Check for the presence of 
liquid fuel or clogged air vent. 


ш Purge lines: Look for kinks, leaks or evidence 
of damage due to belts or pulleys. Always 
route hoses and lines away from moving or hot 
parts. Refer to service manuals for installation 
schematic. 


Rolling Idle 


A disconnected, broken or misrouted vacuum line 
or purge valve stuck open may cause unmetered 
air to enter the intake air flow. This may cause the 
engine to speed up and slow down as the PCM 
attempts to compensate. If the air leak is small 
enough, the PCM may mask the cause and the 
symptom. 


Hesitation 


The engine may hesitate on acceleration if the 
purge valve or CANP solenoid valve is stuck in 
the open position. This will cause the air/fuel 
mixture to become too lean, and the engine will 
not accelerate properly. This is because the 
engine may draw an uncontrolled amount of air or 
fuel vapors. 
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Lack of Power 


If the vacuum relief vent in the filler cap is 
plugged or stuck closed, the engine may have a 
lack of power. This symptom may occur after the 
vehicle has been running for some time and the 
fuel level in the tank is reduced. If the vent does 
not allow air to enter the tank and replace the lost 
fuel, negative pressure (vacuum) will form and 
the fuel system will lose pressure. The vehicle 
may even stop running as if the fuel tank were 
empty. 


If the vehicle stops running or the operator shuts 
it down, the fuel tank may repressurize if the 
vehicle sits long enough. In this case, the 
operator may return to the vehicle, start the 
engine and get some distance down the road 
before the engine begins to exhibit the symptoms 
again. 


SYSTEM TESTS 


The following are general descriptions of system 
tests. For specific test procedures and 
specifications for the EVAP system, follow the 
diagnostic routines found in the PCED manual. 


B Visual inspection 

B System vacuum test 

ш САМР solenoid or purge valve test 
ш Fuel vapor leak 


Visual Inspection 


A visual inspection should always be the first 
thing you do before performing any specific test. 
Inspect components for physical damage. Check 
flexible hoses and tubes for proper routing, 
cracks, kinks and damage. 


System Vacuum Test 


This test involves applying specified vacuum to 
the system and observing how long the system 
can maintain that vacuum. If it drops below a 
certain value the leak must be located and 
repaired. 
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CANP Solenoid or Purge Valve Test 


ш Mechanical test: The purpose of this test is to 
check the CANP solenoid valve for mechanical 
operation. It involves removing the CANP , 
solenoid valve or purge valve from the vehicle 
and applying voltage to the solenoid while 
checking for air flow through the valve. 


ш Electrical test (CANP solenoid valve only): This 
is a test of the electrical windings in the 
solenoid. Use an ohmmeter to test the 
resistance between the terminals on the 
connector. If the resistance is not within 
specifications, the solenoid may not have 
sufficient magnetic strength to move the valve 
under operating conditions. 


Fuel Vapor Leaks 


With the engine off, use the exhaust gas analyzer 
with tail pipe probe to search for escaping HC. 
Shake the rear of the vehicle vigorously from side 
to side to encourage evaporation and increase 
vapor pressure in the fuel tank. See the 
manufacturer's operating manual for instructions 
on using the exhaust gas analyzer. 
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“7 LESSON З - PROGRESS CHECK QUESTIONS 


The following questions are based on information contained in lesson 3. Choose the ONE best correct 
answer. The answers are provided on the following page. Review any questions missed before 
proceeding to the next lesson. 


— 


The EEC EVAP System controls canister purging with a: 
A. metal tube. 

B. flexible bellows. 

C. CANP solenoid. 

D. throttle body port. 


m 


When the engine is turned off, fuel vapors continue to move toward the canister because: 
A. the vapor separator acts like a pump, pushing vapors through the system. 

B. there is always vacuum in the EVAP system due to vacuum reservoirs. 

C. fuel vapors always rise to the highest point. 

D. a slight pressure differential pushes fuel vapors through the EVAP system. 


оз 


Technician A says that if a carbon canister has liquid fuel in it, it cannot store fuel vapors again and 
must be replaced. Technician B says if the carbon canister has liquid fuel in it, you must clean it 
m thoroughly before it can be used again. Who is correct? 


A. Technician A 
B. Technician B 
C. Both A and B 
D. Neither A nor B 


= 


Each of the four EVAP systems perform the same basic function, which is: 
A. venting crankcase vapors. 

B. sealing all vapors in the fuel system. 

C. reducing fuel vaporization. 

D. preventing HC from entering the atmosphere. 
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LESSON 3 - PROGRESS CHECK ANSWERS 


1. The ЕЕС EVAP System controls canister purging with a: 

A. metal tube. 
B. flexible bellows. 

(C) CANP solenoid. 
D. throttle body port. 
Answer C is correct. The PCM in a vehicle with an EEC EVAP system purges the canister by 
signaling the CANP solenoid to open, allowing engine vacuum to draw stored HC into the intake air 
flow. 

2. When the engine is turned off, fuel vapors continue to move toward the canister because: 

A. the vapor separator acts like a pump, pushing vapors through the system. 
B. there is always vacuum in the EVAP system due to vacuum reservoirs. 
C. fuel vapors always rise to the highest point. 

© a slight pressure differential pushes fuel vapors through the EVAP — 
Answer D is correct. There is a slight pressure differential between the fuel tank and the EVAP 
system due to the evaporation of fuel. Higher pressure in the tank pushes vapors into the EVAP 
system for storage in the carbon canister. 

3. Technician A says that if a carbon canister has liquid fuel in it, it cannot store fuel vapors again and = 
must be replaced. Technician B says if the carbon canister has liquid fuel in it, you must clean it 
thoroughly before it can be used again. Who is correct? 

(A) Technician A 
B. Technician B 
C. BothAandB 
D. Neither A nor B 
Technician A is correct. If liquid fuel contaminates the carbon canister, its fuel vapor absorbtion 
capabilities are damaged. It must be replaced. 
4. Each of the four EVAP systems perform the same basic function, which is: 
A. venting crankcase vapors. 
B. sealing all vapors in the fuel system. 
C. reducing fuel vaporization. 
preventing HC from entering the atmosphere. 
„Answer D is correct. Although they go about their tasks differently, each of the four different EVAP 
system are designed to control evaporated HC from entering the atmosphere. 
w 
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^ LESSON З - PROGRESS CHECK QUESTIONS (Cont d.) 


5. Тһе Flexible Fuel system is different because: 
A. itcan run with gasoline mixtures of up to 85 percent methanol. 
B. the fuel it burns is 100 percent pure ethyl alcohol and is safe for the environment. 
C. itcan run on leaded or unleaded fuel. 
D. itcan run on up to 85 percent ethyl alcohol gasoline mixture. 
tm 
PS š 
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LESSON З - PROGRESS CHECK ANSWERS (Cont'd.) 


5. Тһе Flexible Fuel system is different because: 
it can run with gasoline mixtures of up to 85 percent methanol. 
B. the fuel it burns is 100 percent pure ethyl alcohol and is safe for the environment. 
C. itcan run on leaded or unleaded fuel. 
D. itcan run on up to 85 percent ethyl alcohol gasoline mixture. 


Answer A is correct. The Flexible Fuel system can function with fuel mixtures of unleaded gasoline 
and up to 85 percent methanol. Other vehicles will not run with this mixture. 
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LESSON 4: THE EXHAUST GAS RECIRCULATION 
SYSTEM 


Where does the lesson fit into the diagnostic procedure? 


This lesson covers the description of Exhaust Gas Recirculation 
(EGR) system components, electrical and mechanical, and the 
operation of the EGR system. The information in this lesson is 
necessary in order to identify the symptoms related to the EGR 
system, identify the conditions that cause the symptoms and identify 
related symptoms of the EGR system. This information addresses 
steps one, four and five of the Diagnostic Procedure. 


Objectives: 


ш The technician will identify and describe the operation of the EGR 
system and its components. 


O—-40020»-—U 


ш The technician will identify the driveability symptoms commonly 
associated with the EGR system. 


ш The technician will identify and describe EGR system diagnostic 
procedures and test equipment. 


6. Interpret 
Test Results 


7. Isolate 
Root Cause 


посопоозто 


8. Repair 
the Problem 


9. Verify the 
Repair 


| 
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EXHAUST GAS RECIRCULATION SYSTEM 


PURPOSE AND FUNCTION 


The purpose of the EGR system is to lower 
combustion temperature. Combustion chamber 
temperature must be controlled for two reasons: 


COMBUSTION 


CHAMBER 


Figure 4-1 — Formation of NO, at high combustion 
temperatures 


ш High combustion temperatures cause a 
chemical reaction that produces МО, 
emissions. 


ш High combustion temperatures and pressures 
cause detonation. 
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High combustion chamber temperatures means 
greater than 1372°C (2500°F). Below 1372°C 
(2500°F), nitrogen does not combine with oxygen 
to form NO,. Instead, it passes harmlessly into 
the atmosphere. The higher temperatures are a 
result of lean air/fuel mixtures which provide 
excess oxygen into the combustion chamber. 


There are three ways to lower combustion 
chamber temperatures: 


B Enrich the air/fuel mixture 
ш Lower compression ratios 
B Dilute the air/fuel mixture with exhaust gases 


All three methods work, but each has negative 
side effects to consider. 
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Figure 4-2 — Relationships between air/fuel ratio and emissions 


Enrich the Air/Fuel mixture 


A richer (14.6 to 1 or less ratio) mixture results in 
lower combustion temperatures because the 
greater mass of fuel actually quenches the 
burning process. The negative side effects are 
increased HC and CO emissions and decreased 
fuel economy. 


Lower Compression Ratios 


Lowering compression ratios will result in lower 
combustion temperatures. It also reduces power, 
lowers fuel economy and increases emissions of 
HC and CO because the air and fuel will not burn 
properly. 


Dilute the Air/Fuel Mixture with 
Exhaust Gases 


Exhaust gas contains very little oxygen and will 
not burn or support combustion. If the air/fuel 
mixture is diluted with small amounts (between 6 
and 10 percent by volume) of exhaust gases, 
combustion chamber temperatures drop. The 
side effect is that engine power and performance 
is reduced. 


The PCM controls the EGR valve and allows 
exhaust flow only during conditions when the 
reduced power does not adversely affect 
driveability. EGR is not desirable when starting or 
the engine is cold, during idle, heavy load or hard 
acceleration modes of operation because the 
reduced power would result in driveability 
symptoms. 
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^" SYSTEM DESCRIPTION AND PFE System 
OPERATION 
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Figure 4-4 — Schematic of a PFE system. 


Fi 4-3 — Typical EGR val ; 
su ins ‘ee The PFE system on some NAAO vehicles uses a 


i transducer that senses exhaust back pressure in 
Typiosi FOR Маме a control chamber below the EGR valve. This 
The design of the typical EGR valve is common transducer, called the PFE sensor, transmits an 
to all NAAO and association vehicles. It has a electrical signal to the PCM that corresponds to 
sealed housing with a vacuum port, spring and the pressure in the control chamber. 


diaphragm inside. An actuating rod attached to 
the diaphragm is connected to a poppet or pintle 
which opens or closes an exit port in the base of 
the valve. Spring tension holds the valve closed 
when no vacuum is present. When vacuum 
overcomes spring tension, the diaphragm and 
actuating rod open a passage to allow exhaust 
gas to flow into the intake manifold. Exhaust can 
reach the EGR valve either through the base of 
the valve or externally through a tube from the 
exhaust manifold. 


There are three kinds of control systems used on 
NAAO and association vehicles: 


pm ш The Pressure Feedback EGR (PFE) system 


B The Differential Pressure Feedback EGR 
(DPFE) system 


B The EGR Valve Position (EVP) system 
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DPFE System 
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Figure 4-5 — Schematic of a DPFE system. 


The DPFE system senses exhaust pressure by 
monitoring the pressure drop across a metered 
orifice. The DPFE sensor provides the PCM with 
information for exhaust pressure and EGR flow. 
The PCM compares the information to determine 
how much exhaust flow is occurring and how 
much is required. 


The PCM actuates the EGR by controlling 
vacuum through the EGR Vacuum Regulator 
(EVR). The EVR receives signals from the PCM 
to allow manifold vacuum to the EGR valve. In 
many ways, the EGR valve in a PFE or DPFE 
system acts more like a pressure regulator than a 
flow metering device. 
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EVP System 
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Figure 4-6 — Schematic of a typical EVP system 


The PCM in an EVP system directly monitors the 
EGR valve opening through an EVP sensor. This 
sensor is located on top of the EGR valve on 
some NAAO and association vehicles. On NAAO 
vehicles, the EVP, PCM and EVR work together 
as a part of a closed-loop EGR strategy. The 
PCM signals the EVR to apply vacuum to open 
the EGR valve. The EVP informs the PCM as to 
how far the EGR valve is open. The PCM uses 
this together with other information such as 
throttle position and engine load, and signals the 
EVR to adjust the EGR valve accordingly. 


Association vehicles use different strategies and 
components to accomplish the same goals. In 
some cases, the names of the components are 
similar, but they work in slightly different ways. 


EXHAUST GAS RECIRCULATION SYSTEM 


Ей 


EXHAUST GAS RECIRCULATION SYSTEM 


Association Vehicle EGR Controls 


Figure 4-7 — Typical Association vehicle EGR controls 


When the PCM and its sensor inputs determine 
that the EGR valve needs to be opened, the PCM 
activates the EGRC solenoid. The EGRC 
solenoid applies vacuum to the EGR valve, which 
opens the valve. When the valve needs to be 
closed, the PCM deactivates the EGRC solenoid 
and activates the EGR Vent (EGRV) solenoid. 
This solenoid vents the vacuum to the 
atmosphere. The PCM in this system uses an 
EVP to monitor and modulate the EGR valve. 
Failure of input devices or of the EGR valve 
illuminates the Malfunction Indicator Lamp (MIL). 


Another Association EGR system uses a different 
strategy. If the PCM and its input sensors 
determine that the EGR valve needs to open, the 
PCM signals the Exhaust Vacuum Regulator 
(EVR) solenoid to apply vacuum to the EGR 
Vacuum Modulator (EGRM) solenoid. The EGRM 
applies vacuum to the EGR valve and allows as 


much exhaust to recirculate as conditions require. 
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When the vehicle speed and engine load reaches 
a certain point, the EGRM closes because the 
levels of intake vacuum and exhaust pressure are 
low. That eliminates the venting of vacuum, which 
opens the EGR valve. 


Association Vehicle EGRT Sensor 
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Figure 4-8 — Diagram showing location of EGRT 


Some Association vehicles have an EGR 
Temperature (EGRT) sensor screwed into the 
intake manifold near the EGR valve. If the EGRT 
senses that the EGR valve has not opened, it will 
signal the PCM to store a DTC and light up the 
MIL. 


Even though the PCM will store the DTC that 
indicates an inoperative EGRM, that is not always 
the problem. There can be casting flash or carbon 
build-up around the EGRT probe tip which can 
generate a false signal. 
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OBD П EGR MONITORING SYSTEM 


Figure 4-9 — The PCM 


The EGR system monitor is a self-test within the 
PCM that checks the circuitry, components and 
hoses that make up the EGR system. It also 
determines the EGR flow rate and detects any 
errors that occur during operation. The EGR 
system monitor may directly or indirectly detect a 
malfunction in any of the EGR system 
components and control circuitry. When a 
malfunction is found, a Diagnostic Trouble Code 
(DTC) is stored in memory and the MIL is 
illuminated. 
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Monitoring System Description 
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Figure 4-10 — EVR Solenoid and DPFE Sensor 


The EGR monitor uses input from the DPFE 
sensors as feedback to monitor the EGR system. 
During operation, the monitor checks the DPFE 
sensor, the EVR solenoid, all related electrical 
circuits, the pressure signal hoses and the EGR 
valve. 


Other sensors have some input into the EGR 
system, but are not a part of the EGR monitoring 
system. If a failure occurs in the Engine Coolant 
Temperature (ECT) sensor, Intake Air 
Temperature (IAT) sensor, Throttle Position (TP) 
sensor or Mass Air Flow (MAF) sensors, the PCM 
will shut down the EGR. The EGR monitor will 
detect that the EGR is not working, but will not 
indicate a fault in the EGR system. 
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Monitoring System Operation 


The EGR monitor continuously checks the 
condition of the DPFE sensor and circuit to the 
PCM. If the DPFE sensor voltage is within the 
operating range, the DPFE sensor becomes the 
tool for the remaining EGR system checks. 


As the vehicle accelerates and exhaust back 
pressure increases, the PCM performs a check of 
the DPFE signal pressure hoses. This check 
determines whether there are any disconnected, 
leaking, plugged or reversed hoses. The check is 
performed only once per drive cycle. 


EGR flow rate is checked during a steady speed 
and load trip when EGR demand is high. During 
this time, EGR flow rate, indicated by the DPFE 
sensor, is compared to a minimum value for the 
EGR flow rate for this mode. A value less than the 
minimum value identifies a restricted EGR valve 
or a inoperative EGR system. 


SYSTEM DIAGNOSIS 


Many possible driveability symptoms are related 
to the EGR system. For most vehicles, the 
system is designed to function mainly during 
cruise mode. A fault in the EGR system may 
cause exhaust gases to recirculate at the wrong 
time or not at all. Some of the symptoms caused 
by faults in the EGR system are: 


m Hard starting or long cranking time 
ш Engine stalls 

Bi No start, normal cranking speed 

B Engine runs rough, rolling idle, misses 
B Low/slow idle, stalls/quits 

ш Buck, jerk, hesitation 

B Engine surges 

B Lack of power 

ш Spark knock 

B Poor fuel economy 

Ш Excessive emissions 
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The symptom charts in the PCED will guide you 
to the diagnostic routine(s) which aid in 
identifying the conditions responsible for the 
symptom (step two of the diagnostic procedure). 
Follow the diagnostic routines in the PCED 
manual and they will lead you through the rest of 
steps of the diagnostic procedure. When the 
diagnostic routines identify the EGR system (step 
four of the diagnostic procedure), you will be 
directed to test EGR system components and 
system operation. 


SYSTEM TESTS 


Visual Inspection 


The individual components of the EGR system 
should be visually inspected for cracks and for 
correct routing of vacuum hoses. Look for 
evidence of leaks at the EGR valve base gasket 
orin the exhaust tubes that lead to the EGR valve 
in PFE or DPFE systems. 


EGR Vacuum Test 


This test is intended to check the vacuum 
available to the EGR valve. It involves 
disconnecting the vacuum line to the EGR valve 
and attaching a vacuum gauge to the line. Watch 
the gauge and compare the reading to 
specifications in the PCED manual. 


EGR Valve Function Test 


If the vacuum is determined to be within 
specifications, this test checks the EGR valve for 
operation. This test involves attaching a 
tachometer to the engine and a vacuum pump to 
the EGR valve. While the engine is running at a 
specified RPM level, apply vacuum to the valve 
and observe the tachometer. 


The reaction of the engine to the opening of the 
EGR valve will tell the technician whether or not 
any exhaust gas is entering the combustion 
chamber. The PCED manual specifies what the 
engine's reaction to EGR flow should be. 


EVP Electrical Test 


Use an ohmmeter to test the resistance between | 
the terminals on the connector to the EVP sensor. 
Compare the reading to specifications in the 
PCED Manual. 
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EVR Filter 


Figure 4-11 — Location of EVR filter 


The EVR on some vehicles has a serviceable 
filter under the cap. If this filter is plugged, it is 
possible for the EGR valve to stay in the open 
position. This can be difficult to diagnose 
because the EGR valve may work normally when 
tested and the EVR will pass the electrical test. 


This is the end of Lesson 3. Now view Lesson 3 on the video tape, and answer the Progress Check. 
questions. | 
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LESSON 4 - PROGRESS CHECK GUESTIONS 


The following questions are based on information contained in Lesson 4. Choose the ONE best correct 
answer. The answers are provided on the following page. Review the portion of the lesson pertaining to 
any questions missed before proceeding to the next lesson. 


1. Technician A says that when air and fuel ignite in the combustion chamber, a rich mixture will cause 
the temperature to be high because there is more fuel to burn. Technician B says that the 
temperature will be cooler with a rich mixture because more fuel quenches the burning process. 
Who is correct? 


A. Technician A 
B. Technician B 
C. Both A and B 
D. Neither A nor B 


2. |n pressure feedback EGR systems, the PCM bases its decisions about regulating EGR flow on: 
A. sensors that read exhaust back pressure. 
B. actuators that open and close the EGR valve. 
C. intake manifold pressure. 
D. throttle position. 


3. Technician A says that the EGR system recirculates exhaust gas so that any excess HC will be 
burned in the combustion chamber. Technician B says that the EGR system puts non-combustible 
exhaust gas into the intake air flow to dilute the air/fuel mixture and lower combustion temperatures. 
Who is correct? 


A. Technician A 
B. Technician B 
C. Both A and B 
D. Neither A nor B 


4. Nitrogen does not chemically combine with oxygen at combustion temperatures lower than: 
A. 1372°F. 
B. 2500°C. 
C. 2500°F. 
D. ambient temperature. 
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Technician A says that when air and fuel ignite in the combustion chamber, a rich mixture will cause 
the temperature to be high because there is more fuel to burn. Technician B says that the 
temperature will be cooler with a rich mixture because more fuel quenches the burning process. 
Who is correct? 


A. Technician A 


(8) Technician B 


C. Both A and B 
D. Neither A nor B 


Technician B is correct. A rich mixture will result in cooler combustion chamber temperatures. 
Adding oxygen, such as with a lean mixture, will result in higher temperatures. 


m 


In pressure feedback EGR systems, the PCM bases its decisions about regulating EGR flow on: 
Sensors that read exhaust back pressure. 

B. Actuators that open and close the EGR valve. 

C. Intake manifold pressure. 

D. Throttle position. 

Answer A is correct. The PFE and DPFE systems have sensors that read exhaust back pressure in 


different ways. The PCM receives their signals which indicate the state of intake air flow and engine 
load. 


Technician A says that the EGR system recirculates exhaust gas so that any excess HC in it will be 
burned in the combustion chamber. Technician B says that the EGR system puts non-combustible 
exhaust gas into the intake air flow to dilute the air/fuel mixture and lower combustion temperatures. 
Who is correct? 


A. Technician A 


(6) Technician В 


C. Both A and B 
D. Neither A nor B 


° 


Technician B is correct. The EGR system puts a measured amount of nonburning exhaust gas into 
the intake air flow to dilute the air/fuel mixture and lower combustion temperatures. 


> 


Nitrogen does not chemically combine with oxygen at combustion temperatures lower than: 
A. 1372°Е. 
B. 2500? C. 


D. ambient temperature. 
Answer C is correct. Nitrogen does not chemically combine with oxygen at temperatures lower than 
1372? C (2500°F). 
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^ LESSON 4 - PROGRESS CHECK QUESTIONS (Conr'd.) 


5. Match the item from the column on the left with the corresponding item from the column on the right. 
EGR A. Powertrain Control Module 
EGRV B. EGR Vent Valve 
EGRC C. Malfunction Indicator Lamp 
PCM D. EGR Valve Position sensor 
EVP E. EGR Vacuum Regulator 
EVR F. EGR Temperature sensor 
MIL G. Exhaust Gas Recirculation 
EGRT H. EGR Control Valve 
tm 
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LESSON 4 - PROGRESS CHECK ANSWERS (Сопға) 


5. Match the item from the column on the left with the corresponding item from the column on the right. 


G EGR A. Powertrain Control Module 
.B  EGRV B. EGR Vent Valve 

H EGRC C. Malfunction Indicator Lamp 
EN PCM D. EGR Valve Position sensor 
D EVP E. EGR Vacuum Regulator 
E EVR F. EGR Temeprature sensor 
Cc MIL G. Exhaust Gas Recirculation 
.F  EGRT H. EGR Control Valve 
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LESSON 5: THE SECONDARY AIR INJECTION 
SYSTEMS 


This lesson covers the description of secondary air injection systems, 
their electrical and mechanical components, and system operation. It 
pertains to the steps of the diagnostic procedure that are highlighted 
in the graphic at left. This lesson also describes the chemical reaction 
between exhaust gases, the catalyst, heat and fresh air in the 
exhaust. The heat comes from combustion and the chemical 
reactions taking place in the catalytic converter. The fresh air is 
supplied by the secondary air injection systems. 


Where does the lesson fit into the diagnostic procedure? 


The information in this lesson is necessary in order to identify the 
symptoms of the secondary air supply systems, identify the systems, 
and perform diagnostic tests. This information addresses steps one, 
four and five of the Diagnostic Procedure. 


O—-240020»-—U 


Objectives: 


B The techniciàn will identify and describe the operation of secondary 
air injection systems and their components. 


er ш The technician will identify the driveability symptoms commonly 
Test Results associated with secondary air injection systems. 


ш The technician will identify and describe secondary air injection 


| system diagnostic procedures and test equipment. 
7. Isolate 


Root Cause - ш The technician will identify and describe faulty secondary air 
Sy RUBE A) injection components. 


посопоозто 


8. | epair 
the Problem 


9. Verify the 
Í Repair 
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^" DESCRIPTION OF SYSTEM 
COMPONENTS 
There are two systems of secondary air injection: 
m The Secondary Air Injection (AIR) system. 


m The Pulsed Secondary Air Injection (PAIR) 
system. 


AIR System 


AIR DIVERTER 
VALVE 


ъв SECONDARY AIR INJECTION SYSTEMS 


VENT TO 
ATMOSPHERE 
CAN BE COMBINED 
IN ONE UNIT 
ғ” 
UPSTREAM TO 
EXHAUST 
MANIFOLD 
- DOWNSTREAM 
TO CATALYST 
Figure 5-1 — Typical Secondary Air Injection (AIR) system 
The following components make up the AIR 
system: 
В AIR pump 
ш Check valve 
ш Secondary Air Injection Bypass (AIRB) valve 
ш Secondary Air Injection Diverter (AIRD) valve 
ш AIR solenoid assembly 
B Silencer/filter 
m 
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AIR PUMP 


CENTRIFUGAL 
FILTER FAN 


IMPELLER AIR INLET 


Figure 5-2 — Typical AIR Pump 


The air pump is driven by a belt from the 
crankshaft. Air is taken in by one of three 
methods: 


B Through a hose from the clean side of the air 
cleaner. 


ш Through a silencer/filter. 
ш By the impeller fan. 


Dust and other contamination is expelled by a 
centrifugal filter fan on pumps that use an 
impeller to take in air. 


CHECK VALVE 


OUT TO 
EXHAUST 
MANIFOLD AND 


OR CATALYTIC 
CONVERTER 


Figure 5-3 — AIR Check Valve 


The check valve allows free passage of air into 
the exhaust system but stops any flow in the 
opposite direction. This prevents damage to the 
air pump, control valves and hoses from hot, 
corrosive exhaust gases and pressure. 


AIRB VALVE 


PRESSURE 
RELIEF 


Figure 5-4 — Typical AIRB Valve 


The AIRB is a vacuum operated, dual purpose 
valve. It functions as a by-pass that sends the air 
flow from the pump either to the AIRD or dumps 
the air to the atmosphere. It also acts as a 
pressure relief valve for the AIR system. 
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AIRD VALVE 


TO 
MANIFOLD 


AIR SOLENOID ASSEMBLY 


Figure 5-5 — Typical AIRD valve 


The AIRD is a vacuum operated, dual purpose 
valve which controls the air flow after it leaves the 
AIRB. The PCM controls the AIRD through an 
AIR solenoid. Air flow is sent either to the exhaust 
manifold (upstream) or to the converter 
(downstream). 


VACUUM PORT “5” 


MEUM AIR CONTROL 


AIR PUMP 


OUTLET “В” 
TO CATALYST 
VENT HOLES 


TO ENGINE 


VACUUM PORT 
"D" AIR BYPASS 


Figure 5-6 — Combination by-pass and diverter valve 
assembly 


Some systems have an assembly that is a 
combination by-pass and diverter valve in a 
single unit. 
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Figure 5-7 — Typical AIR solenoid assembly 


The PCM does not control the AIRB or the AIRD 
directly. Instead, the PCM controls them through 
a pair of AIR solenoid assemblies. These 
solenoids are normally closed and only allow 
vacuum to the AIRB and AIRD when energized 
by the PCM. 


SILENCER/FILTER 


TO PAIR VALVE 
OR DUAL AIR PUMP 


Figure 5-8 — Typical silencer/filter 


Some vehicles dump by-pass air flow into a 
silencer, which is essentially a small muffler. 
Some air pumps draw air from the same unit, 
using it as a filter. If the silencer/filter housing or 
associated hoses are cracked or disconnected, 
some noise may be noticed. 
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PAIR System 


Figure 5-9 — Typical PAIR Valve 


The Pulsed Secondary Air Injection (PAIR) valve 
allows fresh air from the air cleaner to flow to the 
exhaust only when air cleaner pressure is higher 
than exhaust system pressure. Exhaust gases 
that travel through the exhaust system in and 
near the exhaust manifold, create low pressure 
(vacuum) during some operation conditions. 


Vacuum causes a reed in the PAIR to open and 
atmospheric pressure pushes fresh air into the 
exhaust. When exhaust pressure increases, 
tension in the reed causes the valve to close. 
Check valves prevent exhaust gases from 
reaching the PAIR valve when exhaust pressures 
are high. 


PAIR VALVE 

There are two types of PAIR valves: 

ш One type is for vehicles sold in California only. 
ш The other type is for all other vehicles. 


Figure 5-10 — PAIR valve - vehicles sold in California 
only 


Both PAIR valves work the same way. However, 
the California-only PAIR valve has a vacuum port 
and a diaphragm so that the PCM can control 
when the valve functions through an AIR solenoid 
assembly. 
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SYSTEM OPERATION 
AIR System 


While the engine is running, the air pump in the 
AIR system pumps air to one of the following: 


ш Jpstream to the exhaust manifold. 
ш Downstream to the catalytic converter. 
m Dumped to the atmosphere. 


BYPASS VALVE 
OPENS... AIR 
CAN FLOW TO 

DIVERTER 


CATALYTIC 
CONVERTER 


С (DOWNSTREAM) 


EXHAUST 
MANIFOLDS 


VALVE DIRECTS 
AIR UPSTREAM 


Figure 5-11 — Upstream air flow 


Air is directed upstream to the exhaust manifold 
while the engine is warming up. The fresh air 
mixes with unburned fuel from the rich air/fuel 
mixtures common during engine warm up. 


This addition of fresh air aids in the reduction of 
HC, CO and NO, when the exhaust reaches the 
catalytic converter. Also, adding fresh air ahead 
of the converter helps bring the catalyst to 
operating temperature. 
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VALVE MOVES 


TO DIVERT 
AIR 
DOWNSTREAM 


CATALYTIC 
CONVERTER 


EXHAUST 
MANIFOLDS 


Figure 5-12 — Downstream air flow 


When both the incoming air charge and the 
engine coolant are warm, the AIRD valve sends 
the AIR flow downstream to the catalytic 
converter. The air is injected into the center of the 
converter (between substrates) so that the fresh 
air is only present in the rearward part of the 
converter. 


If the converter has TWC catalyst in both the 
forward and rearward portions of the converter, 
then no fresh air will be sent downstream 
because fresh air injected directly into a TWC 
reduces its effectiveness. 
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VALVE CLOSES 
AND LETS AIR 
EXHAUST TO 


ATMOSPHERE 


CATALYTIC 
CONVERTER 


EXHAUST 
MANIFOLDS 


Figure 5-13 — Air flow dumped to atmosphere 


Air flow is dumped by the AIRB valve to the 
atmosphere during engine operating conditions 
such as cold start and heavy acceleration. 


... SECONDARY AIR INJECTION SYSTEMS 5-9 


SECONDARY AIR INJECTION SYSTEMS 


PAIR System 


AIR CLEANER 


SILENCER 


N CHECK VALVE 


3—— — EXHAUST 
MANIFOLD 


Figure 5-14 — Typical PAIR system 


The PAIR valve is connected to the air cleaner 
and the silencer/filter by flexible hoses. The 
silencer/filter, as its name implies, keeps debris 
from contaminating the PAIR valve and also 
muffles exhaust system noise. 


The PAIR valve in vehicles with California-only 
emissions is controlled by the PCM through a 
vacuum operated solenoid. There is also a 
diverter valve which is also vacuum controlled by 
the PCM. This diverter valve works the same as 
the AIRD in the AIR system. 


DIAGNOSIS 


Faults in the AIR or PAIR systems can cause 
abnormal conditions, which in turn may result in 
driveability symptoms. The following are 
symptoms commonly associated with the AIR or 
PAIR systems. Refer to the PCED manual for 


T 5 Specific diagnostic procedures. 


ш Exhaust backfire 
B Loss of power 
m Rolling idle 
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ш Poor fuel economy 
ш Noise 


Exhaust Backfire 


An exhaust backfire indicates that air is being 
delivered to the exhaust manifold when the 
engine is hot. Also, air in the exhaust up- or 
downstream during idle, WOT or heavy 
acceleration can cause backfire. 


Loss of Power 


If air is flowing to the exhaust system when the 
exhaust gases are rich, it is possible for the 
catalytic converter to overheat and plug up. This 
will severely reduce the engine's performance. 


Rolling Idle 


A rolling idle could be the result of a leaking AIR 
solenoid assembly. This is because the leak may 
be too large for the PCM to compensate. 


Poor Fuel Economy 


As in rolling idle, fuel economy will suffer if a 
vacuum line breaks or is disconnected. The PCM 
can compensate for small vacuum leaks, but a 
leak that is too large or many small leaks will 
result in driveability symptoms. 


Noise 


The secondary air supply systems are not 
completely silent. However, if the operator is 
concerned about excessive noise in the engine 
compartment, these systems may be at fault. 
Consult the PCED manual to properly test for the 
following noises associated with the AIR or PAIR 
systems: 


B Excessive belt noise. 


ш Excessive mechanical noises; chirps, squeaks, 
clicks or ticks. 


ш Excessive AIR system noises; putt-putt, 
whirring or hissing. 


B Engine noise; rap or roar. 
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SYSTEM TESTING 


For specifications and step-by-step instructions 
for these tests, consult the PCED manual. 


Visual Inspection 


The individual components of the secondary air 
injection systems should be visually inspected for 
cracks and other physical damage. 


AIR Pump Drive Belt 


The condition of the drive belt can be checked 
visually during the first step in diagnosis. The belt 
tension should be checked using either a belt 
tension gauge or the deflection method. If it is 
loose, tension is usually adjusted by moving 
another component such as an idler or generator. 
In either case, do not pry on the pump housing. 


AIR Pump Function Test 


The air pump should be tested to see if it is 
working properly. This function test involves 
removing an output hose from the pump and 
increasing engine speed. The air flow should 
increase with the engine speed. 


Bypass and Diverter Valve Testing 


Testing the AIRB, AIRD or combination valve 
assemblies involves checking if the valves are 
getting vacuum. Put a vacuum gauge on the lines 
leading to the valves and run the engine at a 
specified speed. Then check if they will hold 
vacuum. Use a vacuum pump and apply a 
specified amount of vacuum to each valve. If the 
vehicle has separate valves, make sure the AIRB 
supplies the AIRD with air flow. 


Check Valve Function Test 


Testing the check valves involves running the 
engine with a hose removed to see if exhaust 
gases escape in the wrong direction. 


AIR Control Solenoid Function Test 


This test involves using a test lamp to make sure 
the solenoids are functioning correctly. See the 
PCED manual for specifics. 


PAIR Valve Test 


When testing a PAIR system, check the PAIR 
valve for function. First, check the system for 
proper amounts of vacuum. Then the testing 
procedures require that the solenoids be checked 
(if equipped) and the air flow passages be 
checked for blockages. Finally, test the PAIR 
valve according to specific procedures in the 
PCED manual. 


This is the end of Lesson 5. Now view Lesson 5 on the video tape, and answer the Progress Check 


questions. 
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LESSON 5 - PROGRESS CHECK QUESTIONS 


The following questions are based on information contained in Lesson 5. Choose the ONE best correct 
answer. The answers are provided on the following page. Review the portion of the lesson pertaining to 
any questions missed before proceeding to the next lesson. 


1. Dust and other contamination is removed from the air pump by: 
A. a special, low restriction filter. 
B. a series of baffles іп the air lines. 
С. an oil bath unit. 
D. the centrifugal filter fan. 


2. Technician A says that the Diverter valve sends air upstream when the engine is cold. Technician B 
says the AIRB valve dumps air to atmosphere when the engine is cold. Who is correct? 


A. Technician A 
B. Technician B 
С. Both A and B 
D. Neither A nor B 


3. Inthe AIR system, check valves prevent gases from flowing: 
A. From the AIRB to the air pump. 
B. From the exhaust system to the AIRD. 
C. From the AIRD to the AIRB. 
D. From the silencer/filter to the AIRB. 


4. Technician A says there are two types of air injection systems: Primary Air Injection (PAIR) and 
Secondary Air Injection (SAIR). Technician B says that the two types of secondary air supply are 
called the Secondary Air Injection (AIR) system and the Pulsed Secondary Air Injection (PAIR) 
system. Who is correct? 


A. Technician A 
B. Technician B 
C. Both A and B 
D. Neither A nor B 
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LESSON 5 - PROGRESS CHECK ANSWERS 


1. Dust and other contamination is removed from the air pump by: 
А. A special, low restriction filter. 
B. A series of baffles in the air lines. 
C. An oil bath unit. 


The centrifugal filter fan. 


Answer D is correct. The air pump can be damaged by debris in the intake air. Air pumps that use 
the impeller for input also use a centrifugal filter fan to remove contamination before it enters the 
pump. 


m 


Technician A says that the Diverter valve sends air upstream when the engine is cold. Technician B 
says the AIRB valve dumps air to atmosphere when the engine is cold. Who is correct? 


A. Technician A 
B. Technician B 
(C) Both A and B 
D. Neither A nor B 
Both technicians are correct. In some systems, the AIRB valve will send air to the Diverter valve 


before the engine is completely warmed up. When it does, the Diverter valve will direct the air to the 
exhaust manifold, which is upstream. 


о 


In the AIR system, check valves prevent air flow: 
A. From the AIRB to the air pump. 
From the exhaust system to the AIRD. 
C. From the AIRD to the AIRB. 
D. From the silencer/filter to the AIRB. 


Answer B is correct. The check valves prevent corrosive exhaust gases from reaching the AIRD in 
the AIR system. 


Ж 


Technician А says there are two types of air injection systems: Primary Air Injection (PAIR) and 
Secondary Air Injection (SAIR). Technician B says that the two types of secondary air supply are 
called the Secondary Air Injection (AIR) system and the Pulsed Secondary Air Injection (PAIR) 
system. Who is correct? 


A. Technician A 


(8) Technician B 


| C. Both A and B 
"^. D. Neither A nor B 


Technician B is correct. There is no such thing as a primary air injection system. 
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LESSON 6: EXHAUST AND CATALYTIC CONVERTER 
SYSTEMS 


This lesson describes the purpose of the catalytic converter, 
converter types, and their applications. System operation is also 
covered, as well as related driveability symptoms and an overview of 
system testing. 


Where does the lesson fit into the diagnostic procedure? 


The information in this lesson is necessary in order to identify 
conditions that may be caused by malfunctions in the exhaust and 
catalytic converter systems and the related symptoms that may 
result. This information addresses steps one, four and five of the 
diagnostic procedure. 


Objectives: 


ш The technician will identify and describe the operation of the 
exhaust and catalytic converter systems and their components. 


ш The technician will identify the driveability symptoms commonly 
associated with the exhaust and catalytic converter systems. 
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PURPOSE AND FUNCTION 


WARM-UP 
CATALYTIC 
CONVERTER 


CATALYTIC 


CONVERTER ТЕПЕ 


Figure 6-1 — Typical exhaust system 


The purposes of the exhaust and catalytic 
converter systems are to: 


ш Direct exhaust gases away from the passenger 
compartment. 


B Reduce the vehicle's noise level. 


ш Create the back pressure required by feedback 
EGR systems. 


B Change HC, CO and NO, into СО», НО 
and N. 
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DESCRIPTION OF SYSTEM 
Catalytic Converter 


Figure 6-2 — Typical catalytic converter 


A catalyst is a material that causes or speeds up 
chemical reactions between other substances 
without taking part in the reaction. Catalytic 
converters cause harmful substances in exhaust 
gases to change into harmless substances. 


The exterior shell of the converter is made of 
stainless steel for maximum corrosion resistance. 
There are four types of catalytic converters used 
on Ford Motor Company vehicles. They differ in 
the type of catalytic material inside of them and in 
their application. 


ш The conventional Oxidation Catalyst (OC) 
converter is also called a single-bed converter. 
The OC has just one interior chamber filled 
with material that affects only HC and CO 
emissions. 


B The Three-Way Catalytic (TWC) converter is 
also called a dual-bed converter because it has 
two separate substrates. The forward 
substrate has elements that oxidize HC and 
CO and reduces МО, The rearward substrate 
contains a catalyst that only converts МО). 
Some vehicles have the same material in both 
forward and rearward substrates. Most 
vehicles have a TWC of one kind or the other. 


ш The Warm Up Oxidation Catalyst (WU-OC) 
converter is sometimes used in conjunction `` 
with a TWC. It is designed to mount close to ` 
the exhaust manifold and use manifold heat 
during warm up to promote early reaction 
before the TWC has reached operating 
temperature. 
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m The Reduction Oxidation (REDOX) converter 
is used in medium-duty trucks. This converter 


is designed to withstand the rigorous 


requirements of that class of vehicles. It affects 


all three harmful gases. 


CERAMIC 
SUBSTRATE 


HONEYCOMBED 
WITH TINY CELLS 


Figure 6-3 — Cut-away view of a typical catalytic 
converter 

All converters are filled with ceramics (called 
substrates) honeycombed with tiny cells. The 
cells are designed to allow the exhaust to be 


exposed to the maximum possible surface area. 


Ceramic material was chosen because of its 
ability to handle high temperatures. 


Catalytic converters get very hot because of the 
chemical reaction of the gases inside. It is very 
important to keep the protective heat shields in 
place. Keep combustible materials, such as 


undercoating, away from the catalytic converter. 


Tu 
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SYSTEM OPERATION 


CATALYTIC CONVERTER 


FROM EXHAUST 


MANIFOLD TO MUFFLER 


Figure 6-4 — Gases Converted By Catalyst 


Exhaust gases are hot and contain HC, CO, and 
NO, when they leave the combustion chamber 
and enter the exhaust system. 


In the converter, the exhaust flows through the 
holes in the ceramic substrate and contacts the 
catalyst material that coats the surface. The 
catalyst materials used are precious metals such 
as rhodium and palladium. 


With fresh air present and the converter at its 
normal operating temperature, most of the HC, 
CO, and NO, chemically change into СО» and 
НО. It is the water in vapor form that appears as 
steam leaving the tailpipe under some conditions. 


DIAGNOSIS 


Problems or malfunctions in the exhaust or 
catalytic converter can affect the performance of 
the engine and the quantity of tailpipe emissions 
in many ways. The following are some symptoms 
related to these problems: 


ш Engine quits 

B Engine stalls 

ш Engine runs rough 
m Stumble 

Ш Loss of power 

B Exhaust backfire 

ш Poor fuel economy 
ш Excessive emissions 


EXHAUST AND CATALYTIC CONVERTER SYSTEMS 


EXHAUST AND CATALYTIC CONVERTER SYSTEMS 
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Figure 6-5 — Typical places where restrictions can occur 


Plugged or restricted manifolds, muffler, Exhaust Odor 
converter or pipes cause excess back pressure, 
which limits intake air flow. This, in turn, affects 
the cylinder scavenging process. Cylinder 
scavenging is the engine's ability to remove the 
burned gases from the combustion chamber prior 
to the intake stroke. Excess exhaust left in the 
cylinder may cause: ЖАҒА, а 


Bi Lack of power 


EX 12 

/ SG 7 D Ay 2 

y / Many 

Stumbl А ; =F é 
ш Stumble ДА, Var 


ш Rough running 


ш Poor fuel economy. 


Excessive back pressure may cause the engine 
to stall or quit. On a supercharged engine, 
excessive back pressure can cause blown engine Figure 6-6 — Exhaust gas leaking into car 
seals and head gaskets. If these symptoms are 
present and the cause seems likely to be in the 
exhaust system, refer to the PCED manual for 
testing procedures. 


It is extremely important to keep the exhaust 
system free of leaks. This is especially important 
in the winter months in cold climates when 
windows are kept closed. CO has no odor of its ` 
own, but is found in the exhaust. So if exhaust 
can be smelled, CO is present. The symptoms of 
CO poisoning are headaches, dizziness, blurred 
vision and a dry mouth. 
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Sometimes a sulfur odor will come from the 

exhaust system. Usually it is the result of a w 
normal chemical reaction in the catalytic 

converter. 


OBD ІІ CATALYST MONITORING 
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Figure 6-7 — Schematic diagram of catalyst monitor components 


The catalyst efficiency monitor is a self-test 
strategy within the PCM. It uses the HO2S 
sensors to determine when a catalyst has fallen 
below the minimum level of effectiveness in its 
ability to control exhaust emissions. 
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OBD ІІ Monitoring System 
Description 


CATALYTIC 
CONVERTER 


Figure 6-8 — Placement of HO2S in exhaust flow 


The EEC-V catalyst monitoring system tests the 
efficiency of the catalyst once per drive cycle. If a 
malfunction is detected in three drive cycles in a 
row, a DTC is stored and the MIL is lit. The 
strategy involves measuring the amount of 
oxygen in the exhaust downstream of the 
catalyst. HO2S sensors provide the PCM with 
signals related to the oxygen content of the 
exhaust gas. If the frequency of the signal is too 
high, then there is too much oxygen in the 
exhaust and the catalyst is not working properly. 
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SYSTEM TESTING 


Visual Inspection 


The individual components of the exhaust and 
catalytic converter systems should be visually 
inspected for cracks, rust, road damage, and 
sites of potential leaks. 


Vacuum and Backpressure Tests 


The reason for these tests is to check for 
obstruction in the system. If the exhaust or the 
catalytic converter is obstructed, engine vacuum 
will be too low and backpressure will be too high. 
Use a vacuum gauge and a tachometer, run the 
engine and check the system for vacuum levels. 


Blockage Checks 


If the vehicle fails these tests, it may be 
necessary to disassemble the exhaust system 
and look for evidence of blockage. Do not use a 
wire or light to examine the exhaust manifold for 
blockage. It would be too easy to miss casting 
flash or a piece of molding core. Instead, drop a 
length of heavy chain through the manifold. If 
there is any blockage, the chain will not pass 
through. Also, if the chain is heavy enough, it may 
break loose an obstruction. Always clean the 
manifold out before reinstalling in case casting 
flash has broken loose. 


This is the end of Lesson 6. Now view Lesson 6 on the video tape, and answer the Progress Check 


questions. 
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LESSON 6 - PROGRESS CHECK GUESTIONS 


The following questions are based on information contained in lesson 6. Choose the ONE best correct 
answer. The answers are provided on the following page. Review the portion of the lesson pertaining to 
any questions missed before proceeding to the next lesson. 


1, 


Under ideal conditions and in the presence of heat and fresh air, the three way catalytic converter 
changes pollutants HC, CO and NO, into: 


A. СаН and Oo 
B. СО», НО and N 
C. Н250, 

D. НО» and HNO3 


Technician A says the exterior shell of the catalytic converter is made of stainless steel. Technician 
B says that it is made of the same galvanized steel as the exhaust pipes and the muffler. Who is 
correct? 


A. Technician A 
B. Technician B 
C. Both A and B 
D. Neither A nor B 


The Warm-up Oxidation Catalytic (WU-OC) converter is designed to work: 
A. in place of the conventional Oxidation Catalyst. 

B. on heavy and medium duty trucks. 

C. while the engine is too cold for the TWC to work effectively. 


Technician A says operators who smell CO in the vehicle should roll down their windows to vent the 
passenger compartment. Technician B says that if the operator and passengers feel headaches, 
dizziness, blurred vision or a dry mouth, there may be CO leaking into the vehicle. Who is correct? 


A. Technician A 
B. Technician B 
C. Both A and B 
D. Neither A nor B 
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LESSON 6 - PROGRESS CHECK ANSWERS 


1. Under ideal conditions and in the presence of heat and fresh air, the three way catalytic converter 
changes pollutants HC, CO and NO, into: 


А. CgH4,7 and Oo 
CO», НО and N 

C. H2804 

D. НО» and HNO3 


The Three-way Converter contains catalyst material that converts HC, CO and NO, into harmless 
products СО», H20 and М. 


2. Technician A says the exterior shell of the catalytic converter is made of stainless steel. Technician 
B says that it is made of the same galvanized steel as the exhaust pipes and the muffler. Who is 
correct? 


(A) Technician A 
B. Technician B 
C. Both AandB 
D. Neither A nor B 


Technician A is correct. Because of the high temperatures the catalyst produces and the corrosive 
elements in the exhaust gases, the exterior shell of the converter is made of stainless steel. 


3. Тһе Warm-up Oxidation Catalytic (WU-OC) converter is designed to work: 
A. in place of the conventional Oxidation Catalyst. 
В. on heavy and medium duty trucks. 
(С) while the engine is too cold for the TWC to work effectively. 
The WU-OC mounts close to the exhaust manifold and function while the TWC is still too cold to 


work. It also survives in the high heat environment that exists so close to the manifold. Answer C is 
correct. 


4. Technician A says operators who smell CO in the vehicle should roll down their windows to vent the 
passenger compartment. Technician B says that if the operator and passengers feel headaches, 
dizziness, blurred vision or a dry mouth, there may be CO leaking into the vehicle. Who is correct? 


A. Technician A 
(в) Тесһпісіап В 
C. Both A and B 
D. Neither A nor B 
Technician B is correct. The odor of exhaust is a good indication that CO is leaking into the vehicle 


because exhaust contains CO. However, CO itself has no color or odor, and the only way to detect 
its presence without instruments is by symptoms. 
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EMISSION SYSTEMS AND DRIVEABILITY SYMPTOIVIS 


LESSONS 7: EMISSION AND DRIVEABILITY 
SYMPTOMS 


In most cases, emission systems can cause driveability symptoms if 
any system component fails to operate properly or if the system 
operates at the wrong time. In general, a malfunctioning evaporative 
emission system will have a negative affect on the air/fuel ratio. 
Malfunctions in the exhaust emission systems and components may 
affect cylinder temperatures, exhaust back pressure, air/fuel ratio, 
and other engine operating conditions. 


Where does this lesson fit into the diagnostic procedure? 


This lesson covers the second and third steps of the diagnostic 
procedure. The information in his lesson is designed to help improve 
your diagnostic thought process. 


0O—-230020»-—U 


Objective: 
ш The technician will identify the driveability symptoms commonly 
associated with the emissions and exhaust systems. 


посотптоозпт 
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Exhaust and Emission Control 
Systems 
Malfunctions in any of the following systems 


could create conditions that cause driveability 
symptoms. 


ш The Positive Crankcase Ventilation (PCV) 
system 


B The Evaporative Emissions (EVAP) system 

ш The Exhaust Gas Recirculation (EGR) system 
B The secondary air (AIR and PAIR) systems 

B The catalytic converter systems 


NOTE: Several emission components can cause 
unwanted air leaks in the intake manifold. 
Electronic engine controls can make a limited 
amount of corrections in fuel to “cover up" these 
problems if the air leak is not too large. 


PCV SYSTEMS 


PCV VALVE 


AIR CLEANER 


OMBUSTION 
CHAMBER 


BLOWBY 
GASES 


Figure 7-1 — PCV system with vacuum leak or 
disconnected hose. 
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If the hose between the PCV and the intake 
manifold is leaking or disconnected, too much air 
will enter the intake manifold. This additional air 
will cause the air/fuel ratio to be lean and idle 
speed will be affected. The EEC system can 
make adjustments to fuel delivery and idle speed 
and hide the symptom if the air leak is relatively 
small. However, if the Powertrain Control Module 
(PCM) has not compensated for an air leak, the 
engine will have symptoms associated with lean 
mixtures. 


The following driveability symptoms are 
associated with lean air/fuel conditions. 


B Hesitation 
B Stumble 
ш Rough Idle 


AIR 
CLEANER 


CLOSURE 
HOSE 


PCV VALVE 
(PLUGGED) 


COMBUSTION 
CHAMBER 


BLOWBY 
GASES 


Figure 7-2 — PCV system plugged 


If the PCV system is plugged or the valve is stuck 
in the closed position, crankcase pressure will 
force blow-by gases through the closure hose . 
and into the air cleaner. A small pool of engine oil 
inside the air cleaner, failed seals and gaskets or 
a dipstick that pops out may indicate that the PCV 
is stuck closed or plugged. 
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The normal flow of blow-by gasses through the 
PCV may be considered a calibrated air leak. 
This leak has no negative affect on the air/fuel 
ratio. Therefore, if the PCV is plugged the air/fuel 
ratio may be slightly higher than normal. In most 
cases this will not cause any driveability 
symptoms nor will the air/fuel ratio be changed 
enough to have any measurable affect on fuel 
economy. Also, if the condition is not too severe, 
the EEC system can make adjustments to correct 
a rich air/fuel mixture. 


EVAP SYSTEMS 


INTAKE AIR FLOW => -> 


CANISTER 
AIR/FUEL 
MIXTURE 


NOT 
ENERGIZED 


COMBUSTION 
CHAMBER 


Figure 7-3 — EVAP system with CANP stuck open 


On vehicles that use an electronically controlled 
purge valve, the EVAP system is controlled by the 
PCM. The PCM is programmed to allow canister 
purge during times that will not adversely affect 
driveability. 


If the CANP solenoid valve operates at the wrong 
time or is stuck in the open position, the air/fuel 
mixture will be affected. This can cause a 
driveability symptom if the resulting air/fuel ratio 
is out of the range of control of the PCM fuel 
strategy. For example, if the CANP solenoid is 
stuck open, the canister will purge all the time. 
This will cause a lean air/fuel ratio and driveability 
symptoms related to lean mixtures. 
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HC VAPOR 
TRAPPED 


FUEL TANK 


ENGINE 


Figure 7-4 — EVAP system with CANP stuck closed 


If the CANP solenoid is not opening, then the 
canister will not be purged as it is supposed to be 
and may eventually become saturated. When this 
happens, the operator may notice a gasoline 
odor. 


If the fuel tank vent is plugged, there will be no air 
to replace the volume of fuel lost during normal 
operations. This may result in negative fuel tank 
pressure which can lead to low fuel system 
pressure and starved fuel injectors. Driveability 
symptoms will be related to lean air/fuel mixtures. 
In extreme situations, the fuel system could be 
starved and cause a no start or hard start 
symptom. 
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EGR SYSTEMS 


VACUUM 
APPLIED 


EGR VALVE 


INTAKE 
MANIFOLD 


Figure 7-5 — EGR system with valve stuck closed 


The air/fuel ratio will be affected and NO, 
emissions will increase if the EGR system is 
inoperative or the valve is stuck closed. A spark 
knock during "tip-in" is the driveability symptom 
usually associated with an inoperative EGR. 
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NO VACUUM 
APPLIED 


INTAKE 
MANIFOLD 


Figure 7-6 — EGR system with valve stuck open 


If the EGR valve sticks in the open position, the 
most noticeable symptom is likely to be rough 
idle, surge and hesitation. In some cases, the 
engine may stall at idle, start but not run or be 
hard to start. 
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SECONDARY AIR SYSTEMS 


Symptoms usually associated with the secondary 
air system are usually related to engine noises or 
the effects of introducing air in the exhaust 
system at the wrong time. 


Figure 7-7 — Sources of air leaks in typical secondary 
air system 


Leaking or disconnected air hoses, valves or 
filter/silencer can cause air or popping noises. 
The pump assembly may make some mechanical 
noises due to conditions such as deteriorated or 
loose bearings. 


Exhaust Backfire can result from air in the 
exhaust system at the wrong times due to 
malfunctioning secondary air by-pass (AIRB) and 
secondary air diverter (AIRD) valves or control 
solenoids. Also, loose manifolds, pipes or a hole 
in the exhaust system upstream of the catalytic 
converter can cause backfire. 


EMISSION SYSTEMS AND DRIVEABILITY SYMPTOMS 


MANIFOLD UPSTREAM AIR 


Ж INJECTION 
НО25 


SENSOR SENSOR 


CATALYTIC 
CONVERTER 


LOOSE 
CONNECTION 


Figure 7-8 — Air in the exhaust system upstream of the 
HO2S sensor 

Poor fuel economy is another symptom that can 
be related to the AIR system. If air enters the 
exhaust system ahead of the oxygen sensor, the 
sensor will send out a “lean signal” to the PCM. 
As a result, the PCM will command the fuel 
system to increase fuel delivery to each cylinder. 


CATALYTIC CONVERTER SYSTEMS 


Symptoms associated with loss of power or no 
start could be result of a restricted exhaust 
caused by damaged exhaust pipes or a plugged 
catalytic converter. 


A plugged catalytic converter is usually the result 
of excessively high temperatures in the catalyst. 
Catalytic converters will operate at above normal 
temperatures when the exhaust gases contain 
too much hydrocarbon (HC). This condition could 
be caused by rich air/fuel mixtures, incomplete 
combustion in one or more cylinders or incorrect 
ignition timing. The root cause of these conditions 
could be the result of the following conditions. 

ш A faulty HO2S signal. 

ш Faulty AIR system. 

ш Faulty ignition system. 

Bi Incorrect ignition timing. 


в High fuel pressure. 


ЖА 
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Faulty HO2S Signal 


The most obvious cause of a faulty HO2S signal 
is a malfunctioning HO2S sensor or high 
resistance in the sensor circuit. However, in many 
cases, a faulty HO2S signal is caused by 
malfunctions in other systems. 


Faulty AIR System 


Any fault in the AIR system that allows air to enter 
upstream of the HO2S sensor at the wrong time 
will cause a lean HO2S signal and rich air/fuel 
mixtures. This includes leaking exhaust manifold 
and pipes, as well as faults in the AIRB and AIRD 
valves. 


Faulty Ignition System 


FUEL INJECTOR 


INTAKE 


MANIFOLD NO SPARK OR BAD 


SPARK TIMING 


COMBUSTION 
CHAMBER 


Figure 7-9 — Ignition system fails to ignite air/fuel 
mixture 

Any fault in the ignition system that causes an 
engine miss in one or more cylinders will cause a 
lean HO2S signal. When a cylinder “mis-fires,” 
the unburned fuel and oxygen enter the exhaust 
system. 
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INTAKE 
MANIFOLD 


EXHAUST 
MANIFOLD 


Figure 7-10 — HO2S signals excess oxygen in exhaust 


The higher oxygen content of the exhaust gases 
causes the HO2S to generate a lean signal which 
causes the PCM to adjust the fuel system to be 
rich. This in turn increases the HC in the exhaust 
gases. This increase in HC overheats and 
damages the catalytic converter. A fault in the 
ignition system can be caused by open, shorted 
or improperly routed secondary wires, fouled 
spark plugs, or a cracked distributor cap. 


Ignition Timing 
Incorrect ignition timing does not allow the air/fuel 
mixture to burn completely. As a result, the 


unburned air and fuel particles overheat the 
catalytic converter. 


High Fuel Pressure 


High fuel pressure can cause excessive HC and 
CO emissions that can overheat the catalytic 
converter. Fuel pressures will be covered in more 
detail in the next CTP course, "Fuel and Air Inlet 
System Theory and Operation.” 
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CONCLUSION 


It is important that you consider the cause and 
effect relationships that result in driveability 
symptoms. The root cause of symptom is not 
always obvious. For example, just because an 
HO2S is giving a faulty signal does not mean that 
the sensor is at fault. In order to increase the 
accuracy of your diagnostic skills, you must 
consider all cause and effect relationships before 
you begin to test systems and components. Also, 
during your diagnosis, always use the PCED 
manual. 


This is the end of Lesson 7. Now view Lesson 7 on the video tape, and answer the Progress Check 
questions. 
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7“ LESSON 7 - PROGRESS CHECK QUESTIONS 


The following questions are based on information contained in lesson 7. Choose the ONE best correct 
answer. The answers are provided on the following page. Review the portion of the lesson pertaining to 
any questions missed before proceeding to the Post Test. 


-— 


Technician A says malfunctions in all exhaust and emission control systems can cause driveability 
symptoms. Technician B says malfunctions in only certain exhaust and emission control systems 
will cause driveability symptoms. Who is correct? 


A. Technician A 
B. Technician B 
C. Both A and B 
D. Neither A nor B 


m 


Secondary air in the exhaust system upstream of the HO2S sensor at the wrong time may result in: 
A. poor fuel economy. 

B. exhaust backfire. 

C. plugged catalytic converter. 

D. all of the above. 


) 


Exhaust backfire can result from air in the exhaust system at the wrong time due to: 
A. defective catalytic converter. 

B. malfunctioning bypass or diverter valves. 

C. leaking air hoses. 

D. pump with loose bearings. 


> 


Technician A says if the EGR valve sticks in the open position, the operator may notice symptoms 
such as surge, hesitation or stall. Technician B says the symptoms will be a knock on "tip-in". Who 
is correct? 


A. Technician A 
B. Technician B 
C. Both A and B 
D. Neither A nor B 
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LESSON 7 - PROGRESS CHECK ANSWERS 


1. Technician A says malfunctions in all exhaust and emission control systems can cause driveability . 
symptoms. Technician B says malfunctions in only certain exhaust and emission control systems 
will cause driveability symptoms. Who is correct? 


(A) Technician A 
B. Technician B 
C. Both A and B 
D. Neither A nor B 
Technician A is correct. It is possible for malfunctions in any exhaust and emission control system to 


result in driveability symptoms. This is because most faults in these systems affect the air/fuel ratio, 
directly or indirectly. 


2. Secondary air in the exhaust system upstream of the HO2S sensor at the wrong time may result in: 
A. poor fuel economy. 
B. exhaust backfire. 
C. plugged catalytic converter. 


all of the above. 


Response D is correct. If the secondary air system delivers air to the exhaust when the air/fuel 
mixture is rich, any or all of the above symptoms can result. 


3. Exhaust backfire can result from air in the exhaust system at the wrong time due to: 
A. defective catalytic converter. 
malfunctioning bypass or diverter valves. 
C. leaking air hoses. 
D. pump with loose bearings. 


Response B is correct. 


4. Technician A says if the EGR valve sticks in the open position, the operator may notice symptoms 
such as surge, hesitation or stall. Technician B says the symptoms will be a knock on “ір-іп”. Who 
is correct? 


(A) Technician A 
B. Technician B 
C. BothAandB 
D. Neither A nor B 
Technician A is correct. The symptoms of an EGR valve stuck open are surge, hesitation and 


stalling at idle. This is because the exhaust gas takes the place of 6 to 10 percent of the air/fuel 
mixture and the symptoms are similar to those seen with a lean ratio. 
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^^ LESSON 7 - PROGRESS CHECK QUESTIONS (Cont'd.) 


5. Match the item from the column on the left with the corresponding item from the column on the right. 


____ hesitation A. 

. . loss of power 

. ѕрагк knock B. 

. exhaust backfire с. 

____ starved fuel injectors D. 

. gasoline odor E. 
Е 
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air in the exhaust manifold at the wrong 
time 

pressure in fuel tank too low 

too little fuel in the mixture 

too much air in the mixture 


catalytic converter/exhaust system 
plugged 
purge valve/solenoid stuck closed 
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LESSON 7 - PROGRESS CHECK ANSWERS (Cont d.) 


5. Match the item from the column on the left with the corresponding item from the column on the right. 


_C hesitation A. air іп the exhaust manifold at the wrong 
_E loss of power time 
D spark knock B. pressure in fuel tank too low 
_А exhaust backfire C. too little fuel in the mixture 
В starved fuel injectors D. too much air in the mixture 
_F gasoline odor E. catalytic converter/exhaust system 
plugged 
F. purge valve/solenoid stuck closed 
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INTRODUCTION 


The Post Test on the following pages is designed 
to check your performance in this course. The 
Post Test consists of 50 questions. You must 
correctly answer at least 43 of these questions. 
This demonstrates that you have mastered this 
course and that you are ready for the next course 
in the Engine Performance Curriculum. 


STST Prerequisites 


You may enroll in the hands-on STST course only 
after you have successfully passed the 
prerequisite CTP and IVLS courses. Each STST 
course has a 50 question Pretest. To pass the 
Pretest and meet the minimum performance 
requirement, you must correctly answer at least 
38 questions. 


STARS Technician History File 


In the engine Performance Specialty Curriculum, 
your performance in each of the CTP courses will 
be recorded in the STARS Technician History 
File. 


Therefore, you must be registered in STARS 
before mailing your answer sheet. Contact 
your Service Manager now if you are not 
registered in STARS. 


POST TEST 


DIRECTIONS FOR COMPLETING 

POST TEST 

1. Remove the self mailer answer sheet 
located after the last page in this manual. 


At the top of the self mailer, print the 
following information: 


m 


Ш Your name and social security number 
Ш Your dealer's name and the P & A code 


3. Use a pen or pencil to mark your answers on 
the answer sheet. Circle only the one best 
correct answer for each question. 


4. When you finish the test: 


Ш Fold and seal the pre-addressed answer 
sheet. 


Ш Mail it as soon as possible. 


5. This test form will not automatically update 
or correct records in STARS. If your files 
need to be updated or corrected, contact 
your service manager. 
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Technician A says carbon monoxide (CO) 
emissions increase as an air/fuel mixture is 
made richer. Technician B says as CO 
emissions increase, oxides of nitrogen 
(NOx) emission increase. Who is correct? 


A. Technician A 
B. Technician B 
C. Both A and B 
D. Neither A or B 


The vapor separator on top of the fuel tank 
prevents: 


A. Hydrocarbon (HC) from escaping into 
the atmosphere. 


B. Liquid fuel from leaking out of the tank. 


C. Liquid fuel from reaching the carbon 
canister. 


D. Pressure build-up inside the fuel tank. 


Oxides of nitrogen (NOx) emissions can be 
reduced if combustion temperatures are 
kept below: 


A. 5000 degrees C. 
B. 2500 degrees C. 
C. 1372 degrees C. 
D. Ambient temperature. 


The Canister Purge (CANP) solenoid: 

A. Shuts off fuel flow in case of an accident. 
B. Is vacuum operated from the EVR. 

C. Is electronically controlled by the PCM. 
D. None of the above. 


The Three-Way Catalytic (TWC) converter is 
also called: 


A single-bed converter. 

B. A dual-bed converter. 

C. A combination single/dual converter. 
D 


> 


. А secondary converter. 


6. 


10. 


Technician A says an inoperative Exhaust 
Gas Recirculation (EGR) system can cause 
detonation. Technician B says the EGR 
system promotes cylinder scavenging. Who 
is correct? 


A. Technician A 
B. Technician B 
C. Both A and B 
D. Neither A or B 


Technician A says canister purge occurring 
at cruise would most likely cause a surge. 
Technician B says canister purge is most 
effective during wide open throttle. Who is 
correct? 


A. Technician A 
B. Technician B 
C. Both A and B 
D. Neither A or B 


A pressure/vacuum relief fuel filler cap: 


A. Allows the fuel tank to vent excessive 
pressure. 


B. Allows outside air to enter the fuel tank. 
C. Prevents liquid fuel from leaking. 
D. All of the above. 


The Secondary Air Injection Diverter (AIRD) 
valve is normally operated by: 


> 


Exhaust back pressure. 
B. Engine vacuum. 

C. Atmospheric pressure. 
D. None of the above. 


Carbon monoxide (CO) emissions are most 
likely to be caused when: 


One oylinder does not fire. 


> 


B. Combustion temperatures аге too high. 
C. The catalytic converter is restricted. 
D. Fuel is not completely burned. 
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Technician A says positive crankcase 
ventilation flow rate would normally be high 
when both manifold vacuum and crankcase 
pressures are relatively high. Technician B 
says positive crankcase ventilation flow rate 
would normally be high during heavy load 
conditions. Who is correct? 


A. Technician A 
B. Technician B 
С. Both A and B 
D. Neither A or B 


. A Vapor Control Valve (VCV) stuck in the 


open position might cause damage in: 


A. The Positive Crankcase Ventilation 
(PCV) system. 


B. The Exhaust Gas Recirculation (EGR) 
system. 


C. The Evaporative Emission (EVAP) 
system. 


D. None of the above. 


. The purpose of the Exhaust Gas 


Recirculation (EGR) system is to: 


A. Prevent excessive pressure in the 
exhaust system. 


B. Help bring the catalytic converter up to 
operating temperature. 


C. Reduce the total amount of 
hydrocarbons (HC) in the air/fuel 
mixture. 


D. Dilute the air/fuel mixture to reduce the 
combustion chamber temperatures. 


. А carbon canister should store: 


A. Fuel vapor only. 

B. Liquid fuel only. 

C. Both fuel vapor and liquid fuel. 
D. None of the above. 


POST TEST 


15. А customer complains that his vehicle 


backfires through the exhaust. Technician A 
says а malfunctioning Secondary Air 
Injection Bypass (AIRB) valve could be the 
cause. Technician B says this can only be 
true if the AIRB valve directed air flow to the 
exhaust manifold at the wrong time. Who is 
correct? 


A. Technician А 
B. Technician B 
C. Both A and B 
D. Neither A or B 


Secondary air should be directed to the 
catalytic converter: 


A. During engine warm-up. 

B. When the air/fuel mixture is rich. 
C. During heavy acceleration. 

D. None of the above. 


Upon inspection, the air filter is found to be 
covered with engine oil. Technician A says 
the Positive Crankcase Ventilation (PCV) 
valve could be stuck in the closed position. 
Technician B says the closure hose must be 
blocked. Who is correct? 


A. Technician A 
B. Technician B 
C. Both A and B 
D. Neither A or B 


Symptoms of a rough idle, stalling and 
hesitation may all be caused by a 
malfunctioning: 


A. Exhaust Gas Recirculation (EGR) 
system. 


B. Positive Crankcase Ventilation (PCV) 
system. 


C. Evaporative emissions system. 
D. All of the above. 
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. A malfunctioning Air Check Valve could 23. 


cause damage to which of the following: 
A. Catalytic converter. 
B. Exhaust manifold. 


C. Secondary Air Injection Diverter (AIRD) 
valve. 


D. All of the above. 


. A Pulsed Secondary Air Injection (PAIR) 


system on a 49 state emissions vehicle is 24. 
malfunctioning. Technician A says AIR pump 
operation could cause the problem. 

Technician B says vacuum supply to the 

PAIR valve could cause the problem. Who is 
correct? 


Technician A 


> 


В. Technician В 
C. Both A and B 
D. Neither A or B 


Crankcase scavenging assists in: 25. 
A. Removing blow-by gases. 


B. Maintaining positive crankcase 
ventilation flow rate. 


C. Regulating crankcase pressure. 
D. All of the above. 


. A Three-Way Catalyst (TWC) converter: 


A. Reduces hydrocarbon (HC), carbon 
monoxide (CO) and oxides of nitrogen 
(NOx) emissions. 


B. Is used on most all vehicles. 
C. Has two separate substrates. 
D. All of the above. 


If the carbon canister is contaminated with 
liquid fuel, the activated charcoal inside it: 


A. Mustbe thoroughly cleaned before using 
again. 


B. Is ready to use when dry. 


C. Will not store fuel vapor effectively and 
should be replaced. 


D. Melts due to high temperature. 


Which one of the following will cause a lean 
air/fuel mixture condition: 


A. A disconnected or damaged positive 
crankcase ventilation hose. 


B. A Canister Purge (CANP) valve stuck in 
the closed position. 


C. A Secondary Air Injection Bypass (AIRB) 
valve dumping air flow at the wrong time. 


D. An Exhaust Gas Recirculation (EGR) 
valve stuck in the closed position. 


Which of the following is the first step in the 
diagnostic procedure: 


A. Identify the condition. 
B. Verify the symptom. 

C. Isolate the system. 
D 


. Identify symptoms related to the 
condition. 


Cylinder scavenging is affected. by: 
A. The air/fuel mixture. 

B. Exhaust back pressure. 

C. Catalyst efficiency. 

D. The EEC-V monitoring system. 
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POST TEST 


eee 


27. An Oxidation Catalyst (OC) affects only: 


A. Oxides of nitrogen (NOx) and carbon 
monoxide (CO) emissions. 


B. Hydrocarbon (HC) and carbon monoxide 
(CO) emissions. 


C. Hydrocarbon (HC) and oxides of 
nitrogen (NOx) emissions. 


D. None of the above. 


. Technician A says that all engines use a 


PCV valve to regulate the amount of air and 
blow-by gas entering the intake manifold. 
Technician B says that on some engines 
crankcase ventilation is controlled through 
the throttle body. Who is correct? 


A. Technician A 
B. Technician B 
C. Both AandB 
D. Neither A or B 


Technician A says that the federal 
government will fine a repair facility up to 
$10,000 for altering the emission control 
system on a customer's vehicle. Technician 
B says that a repair facility can alter the 
emission controls on a vehicle only during a 
diagnosis or repair procedure. Who is 
correct? 


A. Technician A 
B. Technician B 
C. Both A and B 
D. Neither A or B 
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30. Technician A says malfunctions detected by 


the On Board Diagnostics ІІ (OBD-II) EGR 
monitor will cause a Diagnostic Trouble 
Code (DTC) to be stored in memory. 
Technician B says the Engine Coolant 
Temperature (ECT) and Intake Air 
Temperature (IAT) sensors can cause the 
Powertrain Control Module (PCM) to shut 
down the EGR system. Who is correct? 


A. Technician A 
B. Technician B 
C. Both A and B 
D. Neither A or B 


. The On Board Diagnostics Il (OBD Il) EGR 


monitor continuously checks the condition of 
the Differential Pressure Feedback EGR 
(DPFE) sensor and circuit to the Powertrain 
Control Module (PCM). As the Vehicle 
accelerates and exhaust back pressure 
increases, the PCM performs a check of the 
DPFE signal pressure hoses. This check is: 


A. Continuous. 

B. Once per drive cycle. 

C. Variable depending upon vehicle speed. 
D 


. A set cycle depending upon the final 
drive ratio. 


. Technician A says that "blow-by" can create 


enough pressure to damage engine seals 
and gaskets. Technician B says that "blow- 
by" gases are removed by the EGR system. 
Who is correct? 


A. Technician A 
B. Technician B 
C. Both A and B 
D. Neither A or B 
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33. When the Malfunction Indicator Lamp is lit, it 37. Which of the following symptoms could be 


indicates: 

A. that the engine is producing excessive 
NOx emissions. 

B. that the PCM has identified a 
malfunction. 

C. that the engine is producing excessive 
HC emissions. 


D. All of the above. 


Technician A says on a running engine, if a 
piece of stiff paper sticks to the end of the 
closure hose, the Positive Crankcase 
Ventilation (PCV) system is operating 
properly. Technician B says if the PCV valve 
rattles when you shake it the PCV system is 
operating properly. Who is correct? 


A. Technician A 
B. Technician B 
C. Both A and B 
D. Neither A or B 


. While performing a visual inspection of the 


engine for oil leaks it is noted that the 
dipstick is not seated. Technician A says that 
a blocked Positive Crankcase Ventilation 
(PCV) valve could be the cause. Technician 
B says this problem could be caused by a 
blocked PCV closure hose. Who is correct? 
A. Technician A 

B. Technician B 

C. Both A and B 
D. 


Neither A or B 


. The exhaust and catalytic converter system: 


40. 


caused by a malfunctioning Exhaust Gas 
Recirculation (EGR) system: 


A. Stalling. 

B. Low idle. 

C. Poor fuel economy. 
D. All of the above. 


An exhaust manifold blockage can best be 
detected using a: 


A. Piece of wire. 

B. light. 

C. Chain. 

D. None of the above. 


. An exhaust system is vacuum tested to 


check for: 

A. Exhaust gas leaks. 
B. Catalyst efficiency. 
C. HO2S efficiency. 
D. Obstructions. 


Which of the following symptoms could be 
caused by a malfunctioning Secondary Air 
Injection (AIR) system: 


A. Loss of power. 

B. Stumble. 

C. Hesitation. 

D. None of the above. 


. The Flexible Fuel (FF) system is designed to 


operate with gasoline mixtures containing up 
to what percentage of methanol? 


A. Reduces emissions. ‘A. 85 
B. Direct exhaust gases away from the B. 90 

passenger compartment. C. 95 
C. Creates back pressure. D. 100 


D. All of the above. 
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:2. Which of the following symptoms could be 46. 


43. 


caused by a malfunctioning Positive 
Crankcase Ventilation (PCV) system: 


A. Spark knock 

B. Backfire 

C. Poor fuel economy 
D. Both A and B 


Which of the following symptoms could be 
caused by the Evaporative Emissions 
(EVAP) system: 


The DPFE system senses exhaust gas 
recirculation flow by monitoring: 


A. The pressure drop across a metered 
orifice. 

B. Feedback from a sensor on top of the 
EGR valve. 

C. The EGR Valve Position (EVP) vent 
cycle. 


D. Exhaust back pressure in a control 
chamber. 


TA 47. Technician A says that some association 
is баш ша vehicles have an Exhaust Gas Recirculation 
B. Hesitation. Temperature (EGRT) sensor in the intake 
C. Both A and B manifold. Technician B says the EGRT 
D. Neither AarB sensor tells the Powertrain Control Module 
дығы ы (PCM) when the EGR is operating. Who is 
correct? 
44. The carbon canister is purged by: A. Technician A 
A. the Vapor Control Valve. B. Technician B 
B. fresh air entering through the vent. C. Both A and B 
C. the Vapor Check Valve. D. Neither A or B 
D. None of the above. 
48. A symptom of exhaust backfire and a rolling 


45. 


Technician A says that the Flexible Fuel 
system uses a Vapor Management Valve 
(VMV) to control canister purge. Technician 
B says that the VMV prevents vapor flow 
through the EVAP system during refueling. 
Who is correct? 


A. Technician A 
. Technician B 


idle is verified. Technician A says the 
Secondary Air Injection (AIR) system could 
be a possible cause. Technician B says 
either symptom could be caused by any 
number of malfunctioning systems, and the 
best place to begin diagnosis is in the 
Powertrain Control/Emissions Diagnosis 
(PCED) manual. Who is correct? 


B A. . Technician A 
C. sem A and B B. Technician B 
D. Neither A or B C. Both A and B 
D. Neither A or B 
POST TEST id 
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49. Acustomer reports poor fuel economy. 
Technician A says that malfunctioning 
Secondary Air Injection System could be the 
cause. Technician B says that a leak 
between the exhaust manifold and exhaust 
pipe could be the cause. Who is correct? 


A. Technician A 
B. Technician B 
C. Both A and B 
D. Neither A or B 


50. The Flexible Fuel system uses four carbon 
canisters because liquid Methanol: 


A. requires more space than gasoline. 
B. evaporates quickly. 
C. evaporates slowly. 
D. None of the above. 
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Accelerator Pedal 

— Accelerator Pedal (AP) 
Air Cleaner ACL — Air Cleaner (ACL) 

— Thermac Air Cleaner 


Air Cleaner Element ACL Element — Air Cleaner Element (ACL 


ESSA 


) 
ACL Housing 
(ACL Housing Cover 
AIC Clutch 


— Air Conditioning Clutch (ACC 


Air Conditioning Cycling Switch A/C Cycling Switch — Air Conditioning Cycling Switch 
(ACCS) 

Air Conditioning Sensor A/C Sensor — Air Conditioning Sensor 
(A/C Sensor 


) 
Air Conditioning System A/C System — Air Conditioning System (ACS) 


Automatic Transaxle A/T — Electronic Automatic Transaxle 
(EATX) 

Automatic Transmission A/T — Electronic Automatic Transmission 
(EATX) 


) 
BARO - Barometric Pressure (BARO) 


BARO Sensor — Absolute Pressure Sensor (APS) 
— Barometric Pressure Sensor 
(BP Sensor) 


Battery Positive Voltage — Battery Positive Voltage (В+) 
Camshaft Position „| CMP — Sync Pickup 


Camshaft Position Sensor CMP Sensor — Camshaft Position Sensor (CPS) 

— Camshaft Sensor 

— Cylinder Identification Sensor 
(Cylinder ID Sensor) (CID) 


Canister 
CARB - Feed Back Carburetor (FBC) 
Central Fuel Injection System CFI System — Continuous Injection System (CIS) 


Central Multiport Fuel Injection Central MFI — Central Multiport Fuel Injection 
(CMFI) 
- Fuel Injection (РІ) 


Charge Air Cooler CAC — After Cooler 

— Inter Cooler 
Closed Loop — Closed Loop System (CLS) 
Closed Throttle Position — Closed Throttle Position (CTP) 


— Accelerator 


— Air Conditioning (AC) 
) 


Barometric Pressure Sensor 


w > M 


| 
{г 
v 
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Closed Throttle Position Switch CTP Switch = Closed Throttle Switch 
Clutch Pedal Position CPP — Clutch Pedal Position (CPP) 
Clutch Pedal Position Switch CPP Switch — Clutch Engage Switch (CES) 
— Clutch Start Switch 
— Clutch Switch 


Compact Disc Read Only Memory CDROM — Compact Disc Read Only Memory 
(CDROM) 


Continuous Fuel Injection — Continuous Injection System (CIS) 

— Continuous Injection System — 
Electronic (Continuous Injection 
System-E) (CIS-E) 

— Fuel Injection (FI) 

— K-Jetronic 

— KE-Jetronic 

— KE-Motronic 


Continuous Fuel Injection System CFI System — Continuous Injection System (CIS) 
Continuous Trap Oxidizer CTOX — Continuous Trap Oxidizer (CTO) 

— Trap Oxidizer — Continuous (TOC) 
Crankshaft Position CKP — Crankshaft Position (CP) 

— Position Indicator Pulse (PIP) 
Crankshaft Position Sensor CKP Sensor — Crankshaft Position Sensor (CPS) 

— Crank Angle Sensor 


Data Link Connector — Assembly Line Communications 
Link (ALCL) 
— Assembly Line Diagnostic Link 
(ALDL) 
— Self Test Connector 
— Vehicle In Process Connector 
(VIP Connector) 


Diagnostic Test Mode [DIM = Modes 
Diagnostic Trouble Code - Self Test Codes 


Differential Pressure Feedback Exhaust Differential Pressure — Differential Pressure Feedback EGR 
Gas Recirculation System Feedback EGR System 
System 


Direct Fuel Injection — Direct Injection (ПІ) 
— Direct Injection — Diesel (DID) 
— Fuel Injection (FI) 
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|. Old Acronyms/ 
Term 


Distributor Ignition Capacitive Discharge Ignition (CDI) 
— Closed Bowl Distributor 
— Electronic Ignition (El) 
(with Distributor) 
— Electronic Spark Advance Control 
(ESAC) 
— High Energy Ignition (НЕ!) 


\bbreviations - 
— Remote Mount Thick Film Ignition 
(Remote Mount TFI) 


ENT Thick Film Ignition (TFI) 


ПІ Capacitor 


Distributor ICM — Electronic Distributor Ignition 
System Module (EDIS Module) 


DI System — Electronic Distributor Ignition 
System (EDIS) 


EFE — Early Fuel Evaporation (EFE) 


EEPROM — Electrically Erasable Programmable 
Read Only Memory (E2PROM) 


— Continuous Injection System — 
Electronic (Continuous Injection 
System-E) (CIS-E) 


Electronic Engine Control Electronic EC — Electronic Engine Control 


Electronic Ignition Ze — Computer Controlled Coil Ignition 


Electronic Continuous Fuel Injection 
System 


Electronic СЕ! System 


— Distributorless Ignition (DLI) 

— Electronic Ignition (El) 
(without Distributor) 

— Integrated Direct Ignition (IDI) 


— Direct Ignition System (DIS) 
— Distributorless Ignition System (DIS) 
— Electronic Distributorless Ignition 

System (EDIS) 


— Electronic Engine Control (EEC) 
) 


(СЗ!) 
Electronic Ignition System EI System 


EI 
Engine Control 
Engine Control Module — Engine Control Module (ECM) 


Engine Coolant Level — Engine Coolant Level (ECL 
Engine Coolant Level Indicator ECL Indicator — Engine Coolant Level Indicator 
Engine Coolant Temperature - Engine Coolant Temperature (ECT) 


Engine Coolant Temperature Sensor ECT Sensor — Coolant Temperature Sensor (CTS) 
— Engine Coolant Temperature Sender 
(ECT Sender) 


— Coolant Temperature Switch (CTS) 


Engine Coolant Temperature Switch ECT Switch 
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Engine Speed — Crankshaft Speed ° 
— Revolutions Per Minute (RPM) 
Engine Speed Sensor RPM Sensor — Crankshaft Speed Sensor 


Erasable Programmable Read Only EPROM — Erasable Programmable Read Only 
Memory Memory (EPROM 


) 
Evaporative Emission EVAP — Evaporative Emission (EVAP) 


Evaporative Emission Canister EVAP Canister — Canister 

— Charcoal Canister 
Evaporative Emission Canister Purge EVAP Canister Purge | — EVAP CANP 

— Canister Purge (CANP) 


Evaporative Emission Canister Purge Valve | EVAP Canister Purge | – Canister Purge Valve 

— Evaporative Emission Purge Valve 
(EVAP Purge Valve) 

— Canister Purge Vacuum Switching 
Valve (Canister Purge VSV) 

— Duty Solenoid for Purge Valve 

— Vacuum Solenoid Valve (Canister) 
(VSV) 

— Vacuum Solenoid Valve (EVAP) 
(VSV) 


EVAP System — Evaporation Emission Control 

System (EECS) 
Exhaust Gas Recirculation EGR — Digital Exhaust Gas Recirculation 
(Digital EGR) 

Exhaust Gas Recirculation Backpressure EGR Backpressure — Backpressure Transducer 

Transducer Transducer 

Exhaust Gas Recirculation Diagnostic EGR Diagnostic Valve | — EGR Diagnostic Valve 

Valve 


Exhaust Gas Recirculation System EGR System — EGR System 


Evaporative Emission System 


Exhaust Gas Recirculation Temperature EGRT — EGR Temperature 

Exhaust Gas Recirculation Temperature EGRT Sensor — Recirculated Exhaust Gas 
Sensor Temperature Sensor (REGTS) 
Exhaust Gas Recirculation Thermal EGR ТУУ — EGR Thermal Vacuum Valve 
Vacuum Valve (EGR TVV) 

Exhaust Gas Recirculation Vacuum EGR Vacuum — EGR Vacuum Regulator Solenoid 
Regulator Solenoid Regulator Solenoid (EVR Solenoid) 

Exhaust Gas Recirculation Vacuum EGR Vacuum — EGR Vacuum Regulator Valve 
Regulator Valve Regulator Valve (EVRV) 

Exhaust Gas Recirculation Valve EGR Valve — EGR Valve (EGRV) 

Exhaust Gas Recirculation Valve Control EGR Valve Control — EGR Valve Control (EGRVC) 
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Exhaust с Gas Recirculation Position | EGR Valve Position — EGR Valve Position Sensor 
Sensor Sensor (EVP Sensor) 


Fan Control FC — Electro-Drive Fan Control 
(EDF Control) 
— Engine Coolant Fan Control 
— High Electro-Drive Fan Control 
(HEDF Control) 
— Radiator Fan Control 


Fan Control Module FC Module — Fan Control Module 


Fan Control Relay FC Relay — Fan Motor Control Relay 
— Radiator Fan Relay 


Feedback Pressure Exhaust Gas Feedback Pressure — Pressure Feedback Exhaust Gas 
Recirculation Sensor EGR Sensor Recirculation Sensor (PFE) 
— Pressure Feedback ЕСН) 


Flash Electrically Erasable Programmable | FEEPROM — Flash EEPROM 
Read Only Memory 
Flash Erasable Programmable Read Only | FEPROM — Flash EPROM 
Memory 

FF (FF) 


Flexible Fuel — Flexible Fuel 


[EI nt 
Flexible Fuel Sensor FF Sensor — Alcohol Concentration Sensor 
— Fuel Concentration Sensor 
— Fuel Quality Sensor 
— Percent Alcohol Sensor 
— Variable Fuel Sensor 
r ss 


4GR — Fourth Gear (4GR) 
P 


Fuel Level Sensor — Fuel Sensor 
Fuel Pressure — Fuel Pressure 


Fuel Pressure — Fuel Regulator 
Regulator 
С Fuel Pump (FP) 


FP Module — Fuel Module 
— Fuel Sender 
— Fuel Tank Unit 
— In Tank Module 


Fuel Pump Relay FP Relay — Fuel Pump Relay 
- Adaptive Fuel Strategy 
С Alerator (ALT) 


- Governor Electronic Module (GEM) 
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[- Ground (GND) 


Heated Oxygen Sensor — Heated Exhaust Gas Oxygen 
Sensor (HEGO Sensor) 
— Heated Oxygen Sensor (HOS) 


High Speed Fan Control Switch High Speed FC Switch | — High Speed Fan Control Switch 
(High Speed FC Switch) 


Idle Air Control — Іше Air Bypass Control 
— Idle Speed Control (ISC) 
- ще Speed Control Bypass Air 
(ISC BPA) 


Idle Air Control Thermal Valve IAC Thermal Valve — Fast Idle Thermo Valve 


Idle Air Control Valve IAC Valve — Air Valve 
— Fast Idle Thermo Valve 
— Idle Air Control Valve (IACV) 
Idle Speed Control — Idle Speed Control (ISC) 
— Throttle Opener 
Idle Speed Control Actuator ISC Actuator - Idle Speed Control Actuator 
(ISC Actuator) 


Idle Speed Control Solenoid Vacuum Valve | ISC Solenoid Vacuum | — Throttle Opener Vacuum Switching 
Valve Valve (Throttle Opener VSV) 

— Vacuum Solenoid Valve 

(Throttle) (VSV) 


Ignition Control — Electronic Spark Advance (ESA) 
— Electronic Spark Timing (EST) 
Ignition Control Module — Distributorless Ignition System 
Module (DIS Module) 


— Thick Film Ignition Module 
(TFI Module) 


— Fuel Injection (FI) 
— Indirect Fuel Injection (IDFI) 
— Indirect Diesel Injection (IDI) 


Inertia Fuel Shutoff | - Inertia Fuel Shutoff (IFS) 
l 
IA D 


Indirect Fuel Injection 


IFS Switch 
Intake Air А rake — 


Intake Air Temperature - Air Charge Temperature (АСТ) 
- Manifold Air Temperature (МАТ) 
IAT Sensor 


— Throttle Body Temperature (TBT) 
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— Vane Air Temperature (VAT) 


- Air Temperature Sensor (ATS) 

— Intake Air Temperature Sensor 
(IATS) 

— Manifold Air Temperature Sensor 

(MATS) 


Intake Air Temperature Sensor 
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— Keep Alive Memory (KAM) 
— Detonation Sensor (DS) 


Long Term FT — Block Learn Matrix (BLM) 
— Block Learn Memory (BLM) 
— Block Learn Multiplier (BLM) 
Low Speed FC Switch | — Low Speed Fan Control Switch 
(Low Speed FC Switch) 


Keep Alive Random Access Memory Keep Alive RAM 
K 


Long Term Fuel Trim 


Low Speed Fan Control Switch 


Malfunction Indicator Lamp M — Check Engine 
— Service Engine Soon 


— Manifold Absolute Pressure (MAP) 


Manifold Absolute Pressure 


Manifold Absolute Pressure Sensor MAP Sensor 


L 
Manifold Differential Pressure MDP S O — Manifold Differential Pressure (MDP) 
Manifold Surface Temperature Т — Manifold Surface Temperature 
(MST) 
2 


5 
| 
Manifold Differential Pressure Sensor MDP Sensor — Vacuum Sensor (VAC Sensor) 
i MS 
Manifold Vacuum Zone - Manifold Vacuum Zone (MVZ) 
Mass Air Flow MAF — Air Flow Control (AFC) 
— Air Flow Meter 
MC 


— Intake Manifold Absolute Pressure 
Sensor 

- Manifold Absolute Pressure Sensor 
(MAPS) 


— Pressure Sensor (P-Sensor) 


Manifold Vacuum Zone Switch MVZ Switch — Vacuum Switches 
Mass Air Flow Sensor MAF Sensor — Air Flow Meter 
— Hot Wire Anemometer 


— Air Flow Sensor (AFS) 
Mixture Control — Feed Back Control (FBC) 
— Mixture Control (M/C) 
Mixture Control Solenoid MC Solenoid — Mixture Control Solenoid (MCS) 


Multiport Fuel Injection MFI — D-Jetronic 
— Digital Fuel Injection (DFI) 

— Electronic Fuel Injection (EFI) 
- Fuel Injection (Fl) 

— L-Jetronic 

— LH-Jetronic 

— Motronic 

— Multipoint Injection (MPI) 

— Multiport Injection (MPI) 

— Port Fuel Injection (PFI) 

— Programmed Fuel Injection 
(PGM-FI) 

Tuned Port Injection (TPI) 
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P a 


a ыы | | NVRAM - Keep Alive Memory (КАМ) 
— Non Volatile Memory (NVM) 
Oi Pressure Sensor 


OC — Continuous Oxidation Catalyst 
28 


(COC) 

— Oxidation Catalyst (OC) 

— Exhaust Gas Oxygen Sensor 
(EGO Sensor, EGOS) 

— Exhaust Gas Sensor (EGS) 

— Exhaust Oxygen Sensor (EOS) 

— Lambda 

— Oxygen Sensor (O2 Sensor, OS) 


Park/Neutral Position — Park/Neutral (P/N) 


Park/Neutral Position Switch PNP Switch — Neutral Drive Switch (NDS) 
— Neutral Gear Switch (NGS) 
— Neutral Position Switch (NPS) 
— Neutral Safety Switch 


Periodic Trap Oxidizer PTOX — Trap Oxidizer — Periodic (TOP) 


Positive Crankcase Ventilation PCV — Positive Crankcase Ventilation 
(PCV) 

Positive Crankcase Ventilation Valve РСУ Valve — Positive Crankcase Ventilation Valve 
(PCV Valve) 


Power Steering Pressure — Power Steering Pressure (PSP) 


Power Steering Pressure Switch PSP Switch — Power Steering Pressure Switch 
(P/S Pressure Switch, PSPS) 
CM 


Powertrain Control Module P — Electronic Control Assembly (ECA) 
— Electronic Control Unit 4 (ECU4) 
— Electronic Engine Control 
Processor (EEC Processor) 
— Microprocessor Control Unit (MCU) 
— Single Board Engine Control (SBEC) 
— Single Module Engine Control 
(SMEC) 


Pressure Transducer Exhaust Gas Pressure Transducer — Pressure Transducer EGR System 
Recirculation System EGR System 
Programmable Read Only Memory — Programmable Read Only Memory 
(PROM) 
) 


Pulsed Secondary Air Injection — Air Injection Reactor (AIR 
— Air Injection Valve (AIV) 
— Pulsair 
— Thermactor Il 


Oxygen Sensor О 


6-8 GLOSSARY OF J1930 TERMINOLOGY . 


GLOSSARY ОҒ J1930 TERMINOLOGY 


Pulsed Secondary Air Injection Valve 


— Air Injection (А!) 

— Air Injection Reactor (AIR) 

— Thermac 

— Thermactor 

— Air Management 1 (AM1) 

— Secondary Air Injection Bypass 
(AIRB) 

— Thermactor Air Bypass (TAB) 


rm ins ` 


- Air Control Valve 
— Secondary Air Check Valve (SACV) 


— Air Management 2 (AM2) 

— Secondary Air Injection Diverter 
(AIRD) 

— Thermacior Air Diverter (TAD) 


— Fuel Injection (FI) 

— Sequential Electronic Fuel Injection 
(SEFI) 

— Sequential Fuel Injection (SFI) 


Service Reminder Indicator — Check Engine 
— Engine Maintenance Reminder 
(EMR) 
— Oxygen Sensor Indicator (OXS) 
— Service Engine Soon 
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TWC Three Way Catalytic Converter 
(TWC) 
Three Way + Oxidation Catalytic Converter | TWC + OC - Dual Bed 
Throttle Body — Fuel Charging Station 
T 


Throttle Body Fuel Injection | — Central Fuel Injection (CFI) 
— Electronic Fuel Injection (EFI) 
— Fuel Injection (Е!) 
— Monotronic 
— Single Point Injection (SPI) 
Ша 2 e Run 


Throttle Position — Throttle Position (TP) 


T 
Throttle Position Sensor TP Sensor — Throttle Position Sensor (TPS) 
— Throttle Potentiometer 
T 


TP Switch — Throttle Position Switch (TPS) 


— Converter Clutch Control (CCC) 
— Converter Clutch Override (CCO) 
— Viscous Converter Clutch (VCC) 


TCC Relay — Lock Up Relay 
TCC Solenoid Valve — Lock Up Solenoid Valve (LUS) 
Transmission Control Module - Transmission Control Module 


Transmission Range T — Park, Reverse, Neutral, Drive, Low 
(PRNDL) 
— Selection Lever Position (SLP) 
— Transmission Range Selection 
(TRS) 
Transmission Range Sensor TR Sensor — Manual Lever Position Sensor 
| (MLP Sensor) 
— Transmission Range Selector 
V 
Voltage Regulator VR — Voltage Regulator (VR) 
V. 


Transmission Range Switch TR Switch — Manual Range Position Switch 
Switch (TRSS) 
Volume Air Flow F — Air Flow Control (AFC) 
— Air Flow Meter 
— Vane Air Flow 


(MRPS) 
Turbocharger T 
Volume Air Flow Sensor VAF Sensor — Air Flow Meter 
— Air Flow Sensor (AFS) 


C 
S 


— Transmission Position Switch 
Vehicle Speed Sensor S — Distance Sensor 
— Pulse Generator (PG) 


B 
B 
P 
C 
R 
C 
A 
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Warm Up Oxidation Catalytic Converter | WU-OC [|- LigOffCatayst — 
Warm Up Three Way Catalytic Converter WU-TWC — Light Off Catalyst 
Wide Open Throttle - Full Throttle 
Wide Open Throttle Switch WOT Switch — Wide Open Throttle Switch (WOTS) 
m 
Кы. 


GLOSSARY OF J1930 TERMINOLOGY G-11 


GLOSSARY 


AIR: Secondary Air Injection. 
AIRB: Secondary Air Injection Bypass. 
AIRD: Secondary Air Injection Diverter. 


Actuator: A device, such as a solenoid, which converts electrical 
energy into mechanical motion. 


Air Cleaner: A device to remove contaminants (dirt, dust and other 
abrasives) from the air entering the engine. Automotive air cleaners 
generally contain a replaceable paper filter. 

Air/Fuel Ratio: The number of pounds of air in proportion to the 
number of pounds of fuel in a mixture. 


Application: Usage for a specific purpose. 


Association Vehicles: Vehicles sold by Ford Motor Company in North 
America that were designed and/or manufactured by foreign-based 
automobile manufacturers in a partnership association with Ford. 
Backfire: Combustion occurring outside of the cylinder, either in the 
intake manifold or the exhaust system. 

Base Idle: Idle RPM determined when the throttle lever is against the 
stop on the throttle body, and the Idle Air Control (IAC) solenoid is 
disconnected so there is no control by the PCM. 

Blowby: The gases that leak past the piston rings and into the 
crankcase during the compression and combustion strokes. Blowby 
gases consist of unburned and partially burned air/fuel mixture, and 
exhaust gases. 


CANP: Canister Purge. 

CO: Carbon monoxide. 

СО»: Carbon dioxide. 

Canister: A container of activated charcoal that absorbs fuel vapors 


(evaporative emissions) and holds them until they can be purged at an 
appropriate time. 

Canister Purge (CANP): Removal of fuel vapors held in storage in a 
container of activated charcoal, and delivery of the vapors to the engine 
intake manifold to be burned in combustion. 

Canister Purge (CANP) Valve: The valve used to release the fuel 
vapors stored in the canister. 

Carbon: A non-metallic compound found in all motor fuels which may 
accumulate in the form of soot when it is not completely burned. 
Carbon Dioxide (CO3): А non-poisonous gas naturally occurring in the 
atmosphere. Carbon dioxide is also created from the combustion 
process and from putting exhaust gases through the catalytic process. 
Carbon Monoxide (CO): A poisonous gas with one part carbon to one 
part oxygen created during combustion. 

Catalytic Converter: A device in the exhaust system in which a 
chemical reaction occurs to reduce the quantity of harmful gases 
emitted. 

Cause: Anything producing a result or effect. 

Ceramic: A non-metallic material. 

Combustible: Anything that catches fire and burns easily; flammable. 
Combustion: The burning of an air and fuel mixture. 

Combustion Chamber: The area above the top of the piston at TDC in 
which the air/fuel mixture is compressed prior to ignition. 

Combustion Pressure: The pressure in the cylinder caused by 
expansion of the burning air and fuel mixture. 


Combustion Stroke: The third stroke in the four-stroke cycle. The 
compressed air/fuel mixture is ignited in the combustion chamber and 
expands to push the piston down. This is the only stroke in the cycle in 
which power is produced. 


Component: A part or assembly within a system. 


Compression Ratio: The volume of a cylinder with the piston at the 
bottom of its stroke compared to the volume with the piston at the top of 
its stroke. Power increases with higher compression ratio. 


Compression Stroke: The second stroke in the four-stroke cycle in ы 


which the upward movement of the piston squeezes the air and fuel 
mixture into the combustion chamber. 


Computer: An electronic machine which uses stored instructions and 
information to obtain decisions rapidly. 


Concern: A worry or anxiety. 
Condition: A state of being. 


Control: A means or device to direct a mechanism and regulate a 
process. 

Controller: Any device which is used to regulate or direct the operation 
ofa system. 

Coolant: A fluid used for heat transfer. In an engine, the coolant 
absorbs heat from the engine and carries it to the radiator. The coolant 
may also carry heat from the engine to the vehicle heater. 
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Crankcase: The area of the engine where the crankshaft rotates. 


Crankcase Scavenging: The process by where fresh air is mixed with 
blow-by gases in the crankcase so that the blow-by can be efficiently 
removed through the PCV system. This is important because blow-by 
gases can dilute the oil if not removed. 


Cranking: Turning the crankshaft with an electric starter. See also 
Starting. 

Crankshaft: The part of an engine that converts the reciprocating 
motion of the pistons into rotary motion. 

Cruise: The mode of engine operation in which the throttle is partially 
open, and the load is moderate. During cruise, less than full power is 
required and produced. 

Curb Idle: Computer controlled idle RPM. 

Curriculum: All of the courses in a particular subject. 

Cylinder: The chamber in which the piston moves in an engine. 
Cylinder Compression: The compression in a cylinder. 

Cylinder Scavenging: The process by which spent exhaust gases are 
removed from the cylinder prior to the arrival of fresh air and fuel. This is 
important because left over exhaust in the combustion chamber can 
rob the engine of power. 

DPFE: Differential Pressure Feedback EGR. 

DTC: Diagnostic Trouble Code. 

DVOM: Digital Volt-Ohm Meter. 


Data Link Connector (DLC): A device for coupling wires from the PCM 
to a scan tool than can read information from the PCM. 


Deceleration: A change to a slower speed, and from moving to 
stopped. Deceleration is a mode of engine operation in which power is 
not required to drive the vehicle. 

Detonation: The sudden explosion of an air/fuel mixture, rather than 
normal combustion which consists of a flame front traveling evenly 
through the air/fuel mixture. Detonation causes spark knock. 


Diagnosis: The process of deciding the cause of an abnormal 
condition by examining the symptoms. 


piagnostie Test Mode (DTM): A capability of the On-Board Diagnostic 
(OBD) System. This may include different functional states to observe 
signals, а base level to read Diagnostic Trouble Codes (DTCs), а 
monitor level which includes information on signal levels, bi-directional 
control with testers, and the ability to interface with remote diagnosis 
testers. 

Diagnostic Trouble Code (DTC): An alpha-numeric identifier for a 
fault condition. DTCs are identified by the On-Board Diagnostic (OBD) 
System in the PCM. 


Diaphragm: A flexible partition that separates one chamber from 
another. The diaphragm is used to move a rod or operate a valve when 
there is a difference in pressures between the two chambers. 


Differential Pressure: The pressure difference between two areas, 
such as between the intake manifold and atmospheric pressures. 


Differential Pressure Feedback EGR (DPFE): An EGR system which 
monitors the relationship between exhaust pressure on either side of a 
remote orifice. 


Digital: A signal that has two states: on or off. 


Digital Volt-Ohm Meter (DVOM): A meter used to measure voltage 
and resistance with a numerical read-out. 


Dithering: Changing from on to off so rapidly that flow does not stop 
and start. As a result, flow is regulated. 


Downstream: Secondary air flow sent by the Diverter valve (AIRD) to a 
port in the catalytic converter. See also upstream. 


Driveability: The ability of the vehicle's powertrain to perform to the 
driver's expectations. This includes eager response and progressive 
application of power, freedom from stalling, easy starting, and lack of 
disturbing noises or vibrations. 


Drivetrain: The components that transmit power from the engine to the 
wheels. The drivetrain includes clutch or torque converter, 
transmission, transfer case, drive line, differential, driven wheel hubs 
and drive axles. 


ECT: Engine Coolant Temperature. 
EEC: Electronic Engine Control. 


EEC-IV: Ford's fourth generation of electronic engine controls for 
NAAO vehicles. 


EEC-V: Ford's fifth generation of electronic engine controls for NAAO 
vehicles. The primary difference from the previous generation is that 
EEC-V features OBD-II. 


EGR: Exhaust Gas Recirculation. 

EGRC: Exhaust Gas Recirculation Vacuum Control Valve. 
EGRV: Exhaust Gas Recirculation Vacuum Vent Valve. 
EVAP: Evaporative Emission. 
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EVP: EGR Valve Position. 
EVR: EGR Vacuum Regulator. 


Electronic Engine Control (EEC): A computer controlled system that 
controls the fuel, ignition and emission control systems. The purpose of 
EEC is to provide the appropriate air/fuel ratio, spark timing, idle speed 
and operation of emission control devices. 


Emission: Release or discharge of air pollutants from a vehicle. 
Emission generally refers to exhaust gases (HC, CO, and NOx) and 
evaporation of liquid fuel (HC). 


Emission Controls: The systems which control the amount of vehicle- 
generated pollutants released into the atmosphere. 

Engine Coolant Temperature (ECT): The temperature of the engine 
coolant, which represents the operating temperature of the engine. 
Evaporative Emission (EVAP): Unburned Hydrocarbon allowed to 
escape into the atmosphere. 


Evaporative Emission (EVAP) Control System: A system that 
prevents fuel vapor from escaping into the atmosphere. 


Exhaust: The gases that result from combustion. 


Exhaust Backpressure: Accumulation of gases in the exhaust system 
because more gases are entering the system than can flow through it. 


Exhaust Emission: Pollutants from the combustion processes that 
escape into the atmosphere. Carbon monoxide, hydrocarbon and 
oxides of nitrogen are the most hazardous gases in vehicle exhaust. 


Exhaust Gas Recirculation (EGR): Mixing a metered amount of 

exhaust gases into the air/fuel mixture. The purpose of EGR is to limit 

combustion temperature which will reduce NOx emissions and prevent 
etonation. 


Exhaust Gas Recirculation Valve (EGR Valve): Regulates the flow of 
exhaust gases into the intake air. The EGR valve is operated by a 
vacuum that moves a diaphragm and lifts a pintle or needle valve from 
its seat. 


Exhaust Gas Recirculation Vacuum Control Valve (EGRC): A 
solenoid valve that controls vacuum supply to the EGR valve 
diaphragm. 

Exhaust Gas Recirculation Vacuum Vent Valve (EGRV): A solenoid 
valve that releases vacuum from the EGR valve diaphragm. 


EGR Valve Position (EVP): The amount of opening of the EGR valve. 
EGR Vacuum Regulator (EVR): Controls the opening of the EGR 


valve by metering the amount of vacuum applied to the diaphragm that 
operates the valve. 


Exhaust Pressure: The pressure in the cylinder at the end of its 
combustion stroke. 


Exhaust Stroke: The last stroke of the four-stroke cycle in which the 
upward movement of the piston expels the gases from the cylinder. 


Exhaust Valve: The valve that opens to allow the exhaust gases to 
escape or be expelled from a cylinder. 


Expansion: The increase in volume caused by heat generated from 
the combustion process. 


Fuel Injector (INJ): A valve for delivering metered, pressurized fuel to 
the intake manifold where the fuel mixes with air before entering the 
combustion chamber. 


Fuel System: All components from the fuel tank cap to the intake 
mamio a. The fuel system handles the storage and delivery of fuel in a 
vehicle. 


Gasket: A type of seal used throughout the engine to prevent leaks of 
pressure, vacuum, oil, fuel and coolant between non-moving mating 
parts. 

HC: Hydrocarbon. 

НО25: Heated Oxygen Sensor. 


Heated Oxygen Sensor (HO2S): An oxygen sensor that is electrically 
heated so that it will reach its operating temperature quickly. 
Hydrocarbon: A compound containing hydrogen and carbon which is 
used for fuel in an engine. Unburned hydrocarbon released to the 
atmosphere is a pollutant. Unburned hydrocarbon comes from 
evaporation of liquid fuel (evaporative emission) or fuel that was not 
completely burned during combustion (exhaust emission). 

IAT: Intake Air Temperature. 

INJ: Fuel Injector. 

Idle: An engine operating mode during which only enough power is 
required and produced to keep the engine running and to carry loads 
applied by the transmission and accessories. Idle is a very low engine 
speed. 

Input: Information provided to a computer which it compares to values 
in its program. 


Intake Air: Air drawn through a cleaner and a metering device and then 
distributed to each cylinder for use in combustion. 
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Intake Air Temperature (IAT): The temperature of the air entering the 
engine intake manifold. 


Intake Manifold: The component which carries the air from the throttle 
to the cylinders. 


Intake Stroke: The first stroke in the four-stroke cycle in which the 
downward movement of the piston draws air and fuel into the cylinder. 


Intake Valve: The valve that opens to allow fresh air/fuel mixture to be 
drawn or forced into a cylinder. 


Knock: A sharp metallic sound produced either by detonation (see 
Spark Knock) or excessive clearance between reciprocating parts. 


Lean Air/Fuel Mixture: A condition in which the ratio of air to fuel 
contains more oxygen than is needed to completely burn the quantity of 
fuel. 


Load: The amount of work performed by an engine. 
MAF: Mass Air Flow. 
MIL: Malfunction Indicator Lamp. 


Malfunction: Failure to operate properly due to wear, breakage, a 
disconnect, improper mounting, sticking, leakage, damage, etc. 


Malfunction Indicator Lamp (MIL): An on-board ami Ө to alert 
the driver of a fault that may affect exhaust emissions. The light will 
read either Check Engine or Service Engine Soon. 


Manifold: A path for liquids or gases which has one inlet and multiple 
outlets (intake manifold) or multiple inlets and one outlet (exhaust 
manifold). 


Manifold Vacuum: The vacuum in the intake manifold. 


Mass Air Flow: The amount of air in pounds per minute entering the 
engine intake. 


Misfire: Failure to produce power from a cylinder due to a condition 
caused by ignition, air/fuel mixture or compression pressure 
inadequacies. 


Miss: Abbreviation for misfire. 


Module: A self-contained group of electrical/electronic components 
which is designed as a single replaceable unit. 


NAAO: North American Automotive Operations. 
NOx: Oxides of Nitrogen. 


New Generation STAR (NGS) Tester: A scan tool with many features 
designed to simplify reading Diagnostic Trouble Codes (DTC) and 
performing many other functions vital to diagnosis. 


Nitrogen Oxide (NOx): Another way of expressing Oxides of Nitrogen 


Normally Closed: The position of a valve or switch until energized. A 
closed switch allows the flow of electrical current. A closed valve 
prevents the flow of gas or liquid. 


Normally Open: The position that a valve or switch is designed to be in 
until energized. An open switch prevents the flow of electrical current. 
An open valve allows the flow of gas or liquid. 


North American Automotive Operations (NAAO): A division of Ford 
Motor Company responsible for the design and manufacture of vehicles 
in the United States, Canada and Mexico. 


O2S: Oxygen Sensor. 
OBD: On-Board Diagnostic. 
OC: Oxidation Catalytic Converter. 


On-Board Diagnostic (OBD): A feature of the PCM to test itself and to 
test sensors and actuators, store information regarding malfunctions 
and report the stored information. 


Output: Commands issued by a PCM to allow actuators, displays or 
other output devices to function. 


Oxidation Catalytic Converter (OC): A catalytic converter systems 
that reduces levels of hydrocarbon and carbon monoxide. 


Oxides of Nitrogen (NOx) An exhaust gas from an internal 
combustion engine; a principle component of smog. 


Oxygen: A colorless, odorless, tasteless chemical element which 
comprises 20% of air and is essential to life processes and combustion. 


Oxygen Sensor (O2S): A sensor which detects oxygen content in the 
exhaust gases. 


PAIR: Pulsed Secondary Air Injection. 

PCED: Powertrain Control/Emissions Diagnosis. 

PCM: Powertrain Control Module. 

PCV: Positive Crankcase Ventilation. 

PCV Valve: Positive Crankcase Ventilation Valve. 

PFE: Pressure Feedback Exhaust Gas Recirculation. 

PIP: Profile Ignition Pickup. 

PIP: Position Indicator Pulse. 

Piston: A round plug which slides up and down in a cylinder. 
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Piston Ring: A split, expandable metal ring placed around a piston to 
seal the space between the piston and the cylinder. 


Position Indicator Pulse (PIP): Another term for the signal to 
determine crankshaft or camshaft position and speed for ignition and/or 
fuel injection synchronization. 

Positive Crankcase Ventilation (PCV): A system that vents the 
vapors from the crankcase and delivers them to the engine intake 
manifold, where they mix with the intake air for combustion. 


Positive Crankcase Ventilation Valve: A valve that controls the flow 
of crankcase vapors into the intake manifold. 


Power: The amount of force or energy available to do work. 
Power Stroke: See Combustion Stroke. 


Powertrain Control/Emissions Diagnosis (PCED) Manual: The 
manual used by technicians to aid diagnosis of emissions, ignition, and 
air/fuel concerns. 


Powertrain Control Module (PCM): The module that controls the EEC 
system. It contains a computer, which receives data from sensors and 
other sources. Based on data received and strategies programmed into 
the computer's memory, the computer generates output signals to 
control various engine functions (and transmission function in some 
vehicles). 

Powertrain: The engine and transmission/transaxle assemble. 


Pre-ignition: The condition when the air/fuel mixture begins to burn in 
the combustion chamber prior to occurrence of the ignition spark. Pre- 
ignition causes detonation. 


Pressure: Force exerted against an opposing body; thrust distributed 
over a surface, expressed in units of force per unit of area. 


Pressure Feedback EGR (PFE): An exhaust gas recirculation system 
mat monitors exhaust pressure in a controlled chamber to control EGR 
ow. 


Profile Ignition Pickup (PIP): The signal to determine crankshaft or 
camshaft position and speed for ignition and/or fuel injection 
synchronization. See also Position Indicator Pulse. 


Program: A logical sequence of operations to be performed by a 
computer in solving a problem or processing data. 


Pulsed Secondary Air Injection (PAIR): A system for adding fresh air 
to the exhaust gases using the pressure fluctuations in the exhaust 
system rather than a pump. 

Pump: A mechanical device used to transfer fluids or gases by suction 
or pressure or both. 

Quit: To stop the running of an engine unintentionally because of a 
malfunction. 


REDOX: Reduction Oxidation Catalytic Converter. 


Ratio: A numerical relationship; the proportional size of two quantities 
expressed as a quotient of one divided by the other. (Example: 8 to 1 
can be expressed as 8:1.) 


Reduction Oxidation Catalytic Converter (REDOX): A catalytic 
converter system designed to reduce NOx emissions at high 
temperatures, as well as reduce HC and CO emissions at high and low 
temperatures. 


Rich Air/Fuel Mixture: A condition in which the ratio of air to fuel 
oe less oxygen than is needed to completely burn the quantity of 
uel. 


Scan Tool (ST): A device that communicates with a computer through 
an electrical connection. 

Secondary Air: Fresh air provided to the exhaust system to mix with 
the exhaust gases. 

Secondary Air Injection (AIR): A system for adding fresh air to the 
exhaust gases using a pump. 

Secondary Air Injection Bypass (AIRB): A valve that vents 
secondary air to the atmosphere, rather than injecting it into the 
exhaust system. 


Secondary Air Injection Diverter (AIRD): A valve that directs = 


secondary air to either the catalyst or the exhaust manifold. 


Self Test: A part of the functional Quick Test diagnostic procedure 
which verifies that sensors, actuators and the PCM are connected and 
operating properly. The inputs and control functions are tested under 
controlled operating conditions. The actuators are exercised and 
checked for corresponding results. я 
Sensor: А device that measures an operating condition and provides 
an input signal to the PCM. The device senses either the absolute value 
or change in a physical quantity such as temperature, pressure or flow 
rate, and converts that measurement into an electrical quantity signal. 
Signal: A voltage condition that transmits specific information in an 
electronic system. 
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Solenoid: An electromechanical device containing а field сой which, 
when energized, produces a magnetic field which pulls a movable 
center core (plunger). The plunger may operate a valve or a switch, or 
move a component. 

Spark Knock: The Sharp metallic sound produced by detonation. 
Spark knock is distinguished from mechanical sounds by frequency 
and occurrence only during cruise or acceleration. The volume and 
intensity may vary from light (pinging) to severe (knocking). 

Spark Plug: A device that provides an air gap for electrons to jump 
across, causing intense heat. 

Speed: The magnitude of velocity in a linear or rotary motion, 
regardless of direction. 

Stall: To stop the running of an engine unintentionally because the load 
is greater than the amount of power produced by the engine. 

Starting: The engine operating mode in which the engine is being 
cranked for a number of revolutions until the conditions for good 
combustion are present and the engine begins to run on its own power. 
Strategy: A plan for action. 

Super STAR Tester: A scan tool that reads electrical pulses from the 
PCM and translates them into digital read-outs corresponding to 
Diagnostic Trouble Codes. 

Switch: A device for making, breaking, or changing the connections in 
an electrical circuit. 

Symptom: An indication of a malfunction. 

System: A group of interacting mechanical or electrical components 
serving a common purpose. 

TP: Throttle Position. 

TWC: Three Way Catalytic Converter. 

TWC+OC: Three Way Plus Oxidation Catalytic Converter. 

Tachometer (TACH): A device for measuring RPM. 

Test: A procedure whereby the performance or a component or system 
is measured under certain conditions. 

Three-Way Catalytic Converter (TWC): A catalytic converter system 
that reduces emissions of HC, CO and NOx. 

Three-Way Plus Oxidation Catalytic Converter (TWC+OC): А 
СӨЗДІ converter system that includes both а Three Way Catalyst 
(ТМС) and an Oxidation Catalyst (OC). 

Throttle: A valve for regulating the flow of intake air to an engine. 

ДВ a Body (TB): The device containing the throttle valve (throttle 
plate). 

Throttle Plate: The movable object which provides a variable 
obstruction to air flow through the throttle valve. 

Throttle Position (TP): Indicates the position of the throttle plate to 
measure the driver's demand for power. 

Transducer: An electrical device which varies resistance through a 
circuit in reaction to movement of a diaphragm by pressure of a gas or 
liquid. 

Upstream: Secondary air flow sent by the Diverter valve (AIRD) to 
ports in the exhaust manifold. See also downstream. 

VECI Label: Vehicle Emission Control Information Label. 

Valve: A device which can start, stop or regulate the flow of liquid or gas 
by a movable part that opens, shuts, or partially obstructs one or more 
ports or passageways. A valve is also the movable part of such a 
device. In an engine, valves generally refer to the intake and exhaust 
valves for the cylinders. 

Vapor Lines: The tubes and hoses that carry the fuel vapors between 
the fuel tank, canister and engine intake manifold. 

Vapor Separator: A device that prevents liquid fuel from entering the 
canister. 


Vent: To allow a gas to escape into the atmosphere. In the case of a 
vacuum, venting allows air to enter the space that had contained 
vacuum. 


WOT: Wide Open Throttle. 

WU-OC: Warm Up Oxidation Catalytic Converter. 

WU-TWC: Warm Up Three Way Catalytic Converter 

Warm Up Oxidation Catalytic Converter (WU-OC): A catalytic 
converter system designed to lower HC and CO emissions during 
engine warm-up. 

Warm Up Three Way Catalytic Converter (WU-TWC): A catalytic 
converter system designed to lower HC, CO and NOx emissions during 
engine warm up. 

Wide Open Throttle (WOT): A condition of maximum air flow through 
the throttle valve. 
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